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The thesis entitled "Synthesis, Characterization and 
Applications of some new and novel ion exchange materials useful 
In environmental studies" comprises of four chapters which are briefly 
described below. Chapter-1 entitled 'General Introduction', gives a 
thorough account of the historical background of ion exchange and the 
materials developed in different stages of time starting from the ancient 
age. It is followed by a detailed literature survey regarding the use of ion 
exchange materials in a variety of fields including the environmental 
pollution control. It also presents the theory and practice of this very 
important and most versatile analytical technique useful in the solution 
of most difficult analytical problems like the separation of rare earths, 
metals in different valence states, amino acids, leaf pigments etc. 
Chapter-1 also describes the development of inorganic ion 
exchangers during the last fifty years or so, both natural and synthetic. 
Zirconium phosphate types of materials have been of great interest due 
to their stability under strong radiations and at elevated temperatures, 
the conditions in which the classical organic resins decompose. The 
latest developments in this field, particularly the hybrid (organo-
inorganic) and fibrous ion exchangers have finally been included along 
with a list of such materials prepared and applied in environmental 
analysis. Fibrous ion-exchange materials have great advantage of 
having capability for being obtained in different forms such as conveyer 
belts, non-woven materials, staples, nets and cloth. This may open new 
and novel possibilities of using these materials for various industrial 
applications and environmental analysis. These materials have 
dominated the field because of their chemical and thermal stability, 
selectivity for metal ions and ability to control resin properties by 
synthetic procedures. A list of 326 references has been given at the end 
of the chapter, revealing the significance of the ion exchange 
technology and its world wide acceptance as a simple and versatile 
analytical approach. 
The Chapter-2 is entitled as 'Synthesis and Ion Exchange 
Studies of Pectin & Pyridine Based Cerium (IV) & Thorium (IV) 
Phosphates and Cellulose Acetate Based Thorium (IV) Phosphate 
as Hybrid Fibrous Materials'. This chapter summarizes the synthesis 
of five new materials investigated during these studies namely the 
pectin based cerium (IV) & thorium (IV) phosphates (PcCeP, PcThP), 
pyridine based cerium (IV) & thorium (IV) phosphates (PyCeP, PyThP) 
and cellulose acetate based thorium (IV) phosphate (CAThP). 
Preparation schemes of these materials are reproduced below in the 
form of flow sheets; 
Flow sheet showing the Preparation of PcCeP 
0.05M [Ce ($04)2.4H2O] (1 Volume) 
[1:1 (volume) mixture of 6M H3PO4 
+ 
Pectin (varying percentage)] (1 Volume) 
i 
MIXTURE 
(Heated at 70+5°C) 
Slurry 
F i l te red, washed wi th 
DMW and dr ied at 
room temperature 
FIBROUS SHINY SHEET 
Kept in 1M HNO3 for 24hr dried and 
crushed into small pieces and finally sieved 
to mesh size 50-70 
t^sis 
Flow sheet showing the Preparation of PcThP 
0.1M [Th(N03)4.5H20] (1 Volume) 
[1:1 (volume) mixture of 2M H3PO4 
+ 
Pectin (varying percentage)] (1 Volume) 
i 
MIXTURE 
(Heated at 90±5X) 
Slurry 
F i l te red , washed wi th 
DMW and dr ied at 
room temperature 
FIBROUS SHINY SHEET 
Kept in 1M HNO3 for 24hr dried and 
crushed into small pieces and finally sieved 
to mesh size 50-70 
Flow sheet showing the Preparation of PyCeP 
0.05M [Ce (S04)2.4H20] (1 Volume) 
[1:1 (volume) mixture of 6M H3PO4 
+ 
Pyridine (varying percentage)] (1 Volume) 
i 
MIXTURE 
(Heated at 70+5 X ) 
Slurry 
F i l te red , washed wi th 
DMW and dr ied at 
room temperature 
FIBROUS SHINY SHEET 
Kept in 1M HNO3 for 24hr dried and 
crushed into small pieces and finally sieved 
to mesh size 50-70 
Flow sheet showing the Preparation of PyThP 
0.1M [Th(N03)4.5H20] (1 Volume) 
[1:1 (volume) mixture of 2M H3PO4 
+ 
Pyridine (varying percentage)] (1 Volume) 
i 
MIXTURE 
(Heated at 90+5 °C) 
Slurry 
F i l te red, washed wi th 
DMW and dried at 
room temperature 
FIBROUS SHINY SHEET 
Kept in 1M HNO3 for 24hr dried and 
crushed into small pieces and finally sieved 
to mesh size 50-70 
Flow sheet showing the Preparation of CAThP 
0.1M [Th(N03)4.5H20] (1 Volume) 
[1:1 (volume) mixture of 2M H3PO4 
+ 
Cellulose acetate (varying percentage)] (1 Volume) 
i 
MIXTURE 
(Heated at 90+5 X) 
Slurry 
Filtered, v^ashed with 
DMW and dried at 
room temperature 
FIBROUS SHINY SHEET 
Kept in 1M HNO3 for 24hr dried and 
crushed into small pieces and finally sieved 
to mesh size 50-70 
It was noticed that keeping all conditions of synthesis constant 
such as temperature, mixing and volume ratios of the components and 
pH, the percent addition of the organic component in the materials has 
a detrimental effect on their ion exchange capacity (i.e.c.) for Na"^  ions. 
Figure-1 shows the variation of the i.e.c. of all these materials with the 
% addition of organic component. The selection of a particular ion 
exchange material for further studies was made on the basis maximum 
i.e.c. The ion exchange characterization of all the materials prepared 
and finally selected for further study was undertaken by studying their 
ion exchange capacity for various metal ions, concentration behaviour 
(effect of concentration changes of the eluant NaNOa, on the extent of 
elution), recycling (number of cycles of exhaustion and regeneration 
which can be employed on the material without a significant change in 
the extent of elution), pH titration by the batch process (equilibrating a 
fixed amount of the ion exchanger with a varying concentration of the 
OH" ions using different alkali metal hydroxides and their salts to keep 
the ionic strength constant), and their thermal stability (effect of heating 
the material on its i.e.c). 
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Fig.-1 The variation of the ion exchange capacity of all prepared 
materials with the % addition of organic component. 
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The Chapter-4 is entitled as 'Distribution Behaviour and 
Analytical Applications of Pectin & Pyridine Based Cerium (IV) & 
Thorium (IV) Phosphates, and Cellulose Acetate Based Thorium 
(IV) Phosphate Ion Exchange Materials'. Distribution behaviour is the 
most important property of an ion exchange material, which enables us 
to evaluate its potential in practical utility. Since here we are interested 
in finding whether the materials prepared during these studies are 
fruitfully applicable in the separation and/ or removal of metal ions from 
the aqueous media, the distribution coefficients (Kd values) were 
determined for various metal ions, particularly those which are 
environmentally important. These studies were made by the batch 
process and the results are summarized in Tables 1-5. 
Since PcCeP and PyCeP are found to be selective for Hg (II) ions 
and PcThP, PyThP and CAThP for Pb (II) ions, these materials have a 
great potential in separating and removing these metal ions from the 
aqueous systems. The binary separations achieved on the columns of 
the materials mentioned above are the definite proof of their analytical/ 
industrial applications. Tables 6-10 and figures 2-6 summarize the 
separations achieved. 
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Table-1 Kd values of metal ions on pectin based cerium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal 
Ions 
DMW 
HCI HNOj HCIO4 
0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 
Mg(ll) 135.5 135.5 87.5 67.3 135.5 87.5 60 225 170 8 
Ca(ll) 200 200 93 75 200 116.5 72 200 116.5 
Sr(ll) 283 116.5 93 61 150 75 72 200 116.5 
Ba(ll) 200 150 200 70 250 100 70 250 150 1 
Pb(ll) 150 116.5 93 75 283 200 116.5 200 150 1 
Mn(ll) 275 275 136.5 113 383 136.5 80 210 166 1 
Cd(ll) 83.3 350 110 65 150 83.3 65 166 150 £ 
Cu(ll) 150 150 110 65 166 150 110 110 83.3 
Fe(lll) 70 250 100 70 550 250 200 550 150 
Co(ll) 283 116.5 93 50 200 150 116.5 200 93 
Hg(ll) 350 350 350 350 350 350 350 350 350 
Ni(ll) 150 116.5 116.5 75 116.5 93 72 150 116.5 
Cr(lll) 142 72 75 72 83.3 80 75 80 83.3 
Table-2 Kd values of metal ions on pectin based thorium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 
Mg(ll) 135.5 200 150 216 175 75 216 116.5 150 
Ca(ll) 200 136.5 107.3 130 150 75 75 83.3 93 1 
Sr(ll) 125 100 83 116.5 100 72 93 80 87.5 
Ba(ll) 150 216 150 150 150 175 216 150 150 
Pb(ll) 850 800 700 700 650 600 600 700 700 
Mn(ll) 135.5 100 100 250 83,5 138.5 110 83.3 110 
Ccl(ll) 150 125 116.5 175 130 150 150 110 130 
Cu(ll) 130 110 87.5 93 116,5 100 93 93 93 
Fe(lll) 250 75 83.3 83,3 87,5 75 80 83.3 87.5 
Co(ll) 200 116,5 116,5 75 93 200 63,4 110 150 
Hg(ii) 55 80 83.3 60 87 110 62 79 90 
Ni(ll) 125 150 150 83,3 150 283 102 150 150 
Cr(lll) 150 183 83.3 63,4 200 135,5 63,4 200 150 
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Table-3 K^  values of metal ions on pyridine based cerium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 M 
Mg(ll) 303 283 193 174 283 158 133 333 283 216 
Ca(ll) 367 245 192 143 358 316 213 317 273 230 
Ba(ll) 542 161 183 152 204 161 127 437 259 127 
Sr(ll) 357 217 172 137 217 172 137 350 274 137 
Mn(ll) 317 167 133 107 210 167 133 210 167 133 
Cd(ll) 417 237 117 79 167 117 79 237 167 167 
Pb(ll) 816 523 523 449 533 533 420 533 533 533 
Co(ll) 767 383 383 292 383 277 277 383 292 277 
Cu(ll) 967 367 367 367 367 367 367 367 367 367 
Ni(ll) 567 333 317 217 333 317 217 333 317 217 
Hg(ll) 1983 1033 1033 1033 1033 1033 1033 1033 1033 1033 
Fe(lll) 467 467 467 467 467 467 467 467 467 467 
Cr(lll) 108 .88 88 86 91 91 91 94 88 86 
Table-4 Kd values of metal ions on pyridine based thorium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0,1M 1 M 
Mg(ll) 453 383 266 243 383 296 208 333 296 266 
Ca(ll) 763 267 195 173 328 270 150 383 315 275 
Ba(ll) 935 286 200 187 275 220 200 442 183 130 
Sr(ll) 617 274 217 172 274 217 172 350 274 217 
Mn(ll) 617 243 205 167 315 233 205 315 233 205 
Cd(ll) 367 237 213 187 213.3 187 187 213.3 187 160 
Pb(ll) 1133 766 766 583 766 766 583 766 766 583 
Co(ll) 817 433 242 242 433 242 215 242 215 215 
Cu(ll) 367 283 213.3 213.3 283 283 213.3 283 213.3 2133 
Ni(ll) 317 217 150 150 217 150 150 217 150 150 
Hg(li) 484 317 317 317 317 317 317 317 317 317 
Fe(lll) 467 217 217 167 217 217 167 217 217 167 
Cr(lll) 234 241 241 238 244 244 241 247 241 238 
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Table-5 Kd values of metal ions on cellulose acetate based thorium 
(IV) phosphate in DMW, perchloric acid and hydrochloric acid 
media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 M 
Mg(ll) 1000 780 633.3 633.3 1367 1367 1367 1000 528.6 450 
Ca(ll) 1190 790 620 620 590 590 590 950 860 790 
Ba(ll) 4900 3900 2900 2900 3900 3900 3900 3900 3900 3900 
Sr(ll) 900 660 375 280 660 660 442.8 850 375 137.5 
Mn(ll) 1200 766.6 766.6 766.6 940 766.6 766.6 766.6 766.6 766.6 
Cd(ll) 1400 200 200 200 200 200 200 1400 200 200 
Pb(ll) 21900 7200 7200 7200 7200 7200 7200 7233 7233 7233 
Co(ll) 690 540 540 540 830 750 590 590 590 590 
Cu(ll) 1900 1900 1233 900 700 1233 1233 1900 1900 1900 
Ni(ll) 890 710 710 710 810 710 690 710 710 620 
Hg(ll) 3500 3700 1800 1800 1923 1800 850 1167 280 90 
Fe(lll) 966.7 1500 700 700 1500 1500 966.7 700 540 416 
Cr(lll) 1900 1900 1233 900 700 1233 1233 1900 1900 1900 
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Table-6 Binary separations of metal ions achieved on pectin based 
cerium (IV) phosphate. 
s. 
No 
Separation 
Achieved 
Amount loaded / 
(tig) 
Amount found / 
(Hg) 
Error / (%) Eluent used Volume 
of 
Mi M2 M, Ml Ml M2 eluent / 
(mL) 
1 
2 
3 
Ccl(ll)-Hg(ll) 
Pb(ll)-Hg(ll) 
Pd(ll)-Cd(ll) 
50897.6 35803,8 
36433.1 35803.8 
36433.1 50897.6 
50897.6 35259.6 
35912.1 36570.0 
35864.7 50897.6 
0 -1.52 
-1.43 +2.14 
-1.56 0 
Cd:1MHN03 
Hg; 1MHCI + 
IMNH4CI 
Pb:0.1MHCIO4 
Hg:1 M HCI+ 
IMNH4CI 
Pb:0.1MHCIO4 
Cd; IMHNO3 
50 
60 
50 
50 
50 
60 
Table-7 Binary separations of metal ions achieved on pectin based 
thorium (IV) phosphate. 
s. 
No 
Separation 
Achieved 
M, M2 
Amount loaded / (jxg) Amount found / 
(Rg) 
Error / (%) Eluent used Volume 
of 
M, M2 M, Mz Ml M2 eluent/ 
(mL) 
1 Hg(ll)-Pb(ll) 39572.6 34611.4 39097.7 34611.4 -1.20 0 Hg:0.1M HCI 
Pb: IMHCIO4 
50 
50 
2 Cd(ll)-Pb{ll) 25448.8 34611.4 25168.8 35372.8 -1.1 +2.2 Cd:0.01MHNO3 
Pb: 1 M HCIO4 
50 
50 
3 Cd(ll)-Hg(ll) 25448.8 39572.6 25016.2 40087.0 -1.7 + 1.3 Cd:0.1MHNO3 
Hg;0.1MHCI 
50 
60 
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Table-8 Binary separations of metal ions achieved on pyridine 
based cerium (IV) phosphate. 
s. 
No 
Separation 
Achieved 
AA, Mz 
Amount loaded / Amount found / Error / (%) Eluent used Volume 
of 
eluent / 
(mL) 
M, Mz M, Mz M, Mz 
1 Cd(ll) - Hg(ll) 42414,6 39572.6 42414.6 40249.3 0 + 1.71 CdilMHNOj 
Hg: 1MHCI + 
IMNH4CI 
50 
60 
2 Mg((l)- Hg(ll) 24599.3 39572.6 25128.2 39018.6 +2.15 -1.4 Mg:0.1 MHCI 
Hg:1 M HCI+ 
IMNH4CI 
50 
40 
3 Ni( l l ) -Hg(l l ) 28790.2 39572.6 28473.5 39572.6 -1.1 0 Ni:0.1MHCl 
Hg: 1MHCI + 
IMNH4CI 
50 
60 
Table-9 Binary separations of metal ions achieved on pyridine 
based thorium (IV) phosphate. 
s. 
No 
Separation 
Achieved 
M, M2 
Amount loaded / (ng) Amount found / 
(Rg) 
Error / (%) Eluent used Volume 
of 
eluent/ 
(mL) 
M, Mz M, Mz M, Mz 
1 Cd(l l ) -Pb( l l ) 39021.4 38254.8 38112.2 38254.8 -2.33 0 Cd:0.1MHCI 
Pb: IMHNO3 
60 
50 
2 Mg(ll)- Pb(ll) 23481.1 38254.8 22931.6 37451.4 -2.34 -2.1 Mg;G.1M 
HCIO4 
Pb: 1 M HNO3 
50 
50 
3 Cu(l l ) -Pb( l l ) 26091.5 38254.8 26091.5 37298.4 0 -2.5 Cu:0.1MHCIO4 
Pb: IMHNO3 
50 
50 
16 
Table-10 Binary separations of metal ions achieved on cellulose 
acetate based thorium (IV) phosphate. 
s. 
No 
Separation 
Achieved 
Amount loaded / (ng) Amount found / 
(tig) 
Error / (%) Eluent used Volu 
01 
Mi Mz M, Mz M, Mz elue 
(ml 
1 l\/lg(ll)-Pb(ll) 25717.4 40076.4 25151.6 39395,1 -2.2 -1.7 Mg:0.1MHCIO4 
Pb: IMHNO3 
5( 
4( 
2 Cd(ll)-Pb(ll) 33931.7 40076.4 33049.5 40076.4 -2.6 0 Cd;0.01MHNO3 
Pb: 1 M HNO3 
5( 
5( 
3 Hg(ll)- Pb(ll) 37688.2 40076.4 36896.7 39314.9 -2.1 -1.9 Hg:0.1MHCI 
Pb; IMHNO3 
5( 
5( 
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Fig.-2 Separation of Cd(ll) from Hg(ll), Pb(ll) from Hg(ll) and Pb(ll) 
from Cd(ll) on pectin based cerium (IV) phosphate columns. 
Eluents: 1 M HN03-(a, f) ; 1M HCl + 1M NH4Cl-(b, d); 
0.1MHClO4-(c, e) 
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Fig.-3 Separation of Hg(ll) from Pb(ll), Cd(ll) from Pb(ll) and Cd(ll) 
from Hg(ll) on pectin based thorium (IV) phosphate columns. 
Eluents: 0,1 M HCl-(a, f) ; 1M HCl04-(b, d); 0.01M HN03-(c, e) 
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Fig.-4 Separation of Hg(ll) from Cd(ll), Mg(ll) and Ni(ll) on pyridine 
based cerium (IV) phosphate columns. 
Eluents: 0.1 M HN03-(a); 1M HCI+ 1M NH4Cl-(b, d, f ) ; 0.1M HCl-(c, e) 
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Fig.-5 Separation of Pb(ll) from Cd(ll), Mg(ll) and Cu(ll) on pyridine 
based thorium (IV) phosphate columns. 
Eluents: 0.1 M HCl-(a); 1M HN03-(b, d, f); 0.1M HCI04-(c, e) 
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Fig.-6 Separation of Pb(ll) from Mg(ll),Cd(ll) and Hg(ll) on cellulose 
acetate based thorium (IV) phosphate columns. 
Eluents: 0.1 M HCl04-(a); 1M HN03-(b, d); 0.01M HN03-(c); 0.1M 
HCI-(e); 1MHCI04-(f) 
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IXTRODIJCTIOX 
Analytical chemistry deals with the methods used for chemical analysis. 
The management of resources relies heavily on the information provided by 
chemical analysis. There are numerous chemical or physico-chemical processes 
that can be used to provide analytical information. The processes are related to a 
wide range of atomic and molecular properties and phenomena that enable 
elements and compounds to be detected and / or quantitatively measured under 
controlled conditions. Table 1.1 shows major analytical techniques and their 
principal applications. 
The primary concern of an analytical chemist is to separate different 
constituents of a sample prior to chemical analysis. The classical separation 
methods such as fractional distillation, extraction, filtration, selective precipitation, 
osmosis, reverse osmosis, crystallization, dialysis, diffusion etc. involve long and 
complicated operation. Chromatography, especially ion exchange 
chromatography has emerged as the most useful and versatile analytical 
technique. It has played a significant role in identification, separation and 
quantitative determination of ionic and non-ionic species and purification of 
chemical compounds. 
Chromatographic techniques can be classified according to whether the 
separation takes place on a planar surface or in column. They can be further 
subdivided into "gas" or "liquid" chromatography, on the basis of the physical 
forms of the stationary and mobile phases. Table 1.2 lists the most important 
forms of chromatography, each based on different combinations of stationary and 
mobile phases. 
Table 1.1 Analytical techniques and their principal applications. 
S.No. Technique Property measured Principal areas of 
application 
1. Gravimetry Weight of pure analyte 
or compound of known 
stoichiometry 
Quantity of major or 
minor components 
2. Titrimetry Volume of standard 
reagent solution reacting 
with the analyte 
Quantity of major or 
minor components 
3. Atomic and 
molecular 
spectrometry 
Wavelength and 
intensity of 
electromagnetic 
radiation emitted or 
absorbed by the analyte 
Qualitative, 
Quantitative or 
structural analysis for 
major and trace level 
components. 
4. Mass 
spectrometry 
Mass of analyte or its 
fragments 
Qualitative or structural 
analysis of major and 
trace level components 
and their isotope ratios. 
5. Chromatography 
and 
electrophoresis 
Various physico-
chemical properties of 
separated analytes 
Qualitative and 
quantitative separations 
of mixtures at major to 
trace levels 
6. Thermal 
analysis 
Chemical/physical 
changes in the analyte 
when heated or cooled 
Characterization of 
single or mixed 
major/minor 
components 
7. Electro-chemical 
analysis 
Electrical properties of 
the analyte in solution 
Qualitative/quantitative 
for major/trace level 
components 
8. Radiochemical 
analysis 
Characteristic ionizing 
nuclear radiation emitted 
by the analyte 
Qualitative and 
quantitative at major to 
trace levels 
Table 1.2 Classification of the principal chromatographic techniques. 
S.No. Technique Stationary 
phase 
Mobile 
phase 
Format Principal 
sorption 
mechanism 
1. Paper 
chromatography 
(PC) 
Water-
cellulose 
complex 
Liquid Planar Partition 
(adsorption, 
ion-
exchange, 
exclusion). 
2. Thin layer 
chromatography 
(TLC) 
Silica, 
cellulose, ion 
exchange 
resin, 
controlled 
porosity solid 
Liquid Planar Adsorption -
(partition, 
ion-
exchange, 
exclusion) 
3. Gas-liquid 
chromatography 
(GLC) 
Liquid Gas Column Partition 
4. Gas-solid 
chromatography 
(GSC) 
Solid Gas Column Adsorption 
5. High 
performance 
liquid 
chromatography 
(HPLC) 
Solid or 
bonded 
phase 
Liquid Column Modified 
partition 
(adsorption) 
6. Size-exclusion 
chromatography 
(SEC) 
Controlled 
porosity solid 
Liquid Column Exclusion 
7. Ion-exchange 
chromatography 
(lEC) 
Ion 
exchange 
resin or 
bonded-
phase 
Liquid Column Ion-exchange 
8. Chiral 
chromatography 
(CO 
Solid chiral 
selector 
Liquid Column Selective 
adsorption 
Ion exchange is one of the most important analytical techniques 
used for the separation of ionic species. In a true ion exchange process 
the exchange of ions takes place stoichiometrically between the stationary 
and mobile phases as follows: 
R-A + B ( a q ) ^ = ^ R-B + A (aq) 
Where 'A' and 'B' are the replaceable ions, 'R' is the structural unit 
(matrix) of the ion exchanger and 'aq' stands for the aqueous phase. The 
ion exchange process is reversible i.e. it can be reversed by suitably 
changing the concentration of the ions in the solution. The process is, thus, 
analogous to the adsorption process, but is not exactly the same. The 
characteristic difference between the two processes is that the ion 
exchange takes place stoichiometrically, really by the effective exchange 
of ions, while in adsorption the adsorbent takes up the dissolved 
substances from the solution without releasing anything into the solution. 
However the two processes may occur simultaneously in practice, 
particularly in inorganic ion exchangers. 
Ion exchange has an interesting historical background. Many million 
years ago this phenomenon was noticed in various sections of the globe. 
The earliest of the reference [1] were found in the Holy bible establishing 
Moses priority that succeeded in preparing drinking water from brackish 
water by an ion exchange technique. About thousands of years later. 
Aristotle stated that the seawater loses part of its salt content when 
percolating through certain sands [2]. Subsequent to this time, only scare 
references are found until in 1980, Thomson [3] and Way [4], two English 
Chemists, rediscovered "base exchange" (cation exchange) in soils. The 
materials that are responsible for these phenomena were identified chiefly 
by Lemberg [5] and later by Wiegner [6] as clays, glauconites, zeolites, 
and humic acids. These discoveries led to attempts to use such materials 
in plant operations for water softening and other purposes and to 
synthesize products with similar properties. The first synthetic industrial ion 
exchangers were prepared in 1903 by Harms and Rumpler [7], two 
German Chemists, while Follin and Bell [8] first applied a synthetic zeolite 
for the collection and separation of ammonia from urine in 1917. Another 
German Chemist Gans [9] had far reaching applications in mind even at 
that time, for example the recovery of gold from seawater. Perhaps, he 
was the first person in Germany who used the ion exchanger (processed 
natural zeolite) to an industrial scale based on scientific understanding and 
technological maturity. Thereafter, a lot of scientific work was done on 
natural, processed and synthetic inorganic materials for their ion exchange 
properties. 
A spectacular evolution began in 1935 with the discovery by two 
English Chemists, Adams and Holmes [10], that crushed phonograph 
records exhibit ion exciiange properties. Adams and Holmes synthesized 
organic ion exchangers, called ion exchange resins. No scientists could 
then neglect ion exchange phenomenon. These new resins were 
developed and improved by the former I.G. Farbenindustrie in Germany 
and after World War II chiefly by companies in the United States and 
England. However, it took nearly 85 years for the ion exchange 
phenomenon to be fully recognized in chemistry since its scientific finding 
and understanding by Thomson and Way. The water purification business 
was started in Japan in 1915 when a prominent industrialist M. Masunari 
imported the patents of Gans and his group. Later on the use of copolymer 
type ion exchangers such as Amberlite resins was started in U.S.A. 
Although, at first the ion exchangers were mostly used for water softening 
but soon they were widely employed in many other fields such as analysis 
and preparative works. Their use gave analysts new materials that not only 
met the requirements of modern laboratories but also led to the solution of 
previously insolvable problems. Thus, ion exchange process was 
established as an analytical tool in laboratories and industries. Now, the 
interest in ion exchange operations in industries is increasing day-by-day 
as their field of applications is expanding and is extremely valuable 
supplement to other procedures such as filtration, distillation and 
adsorption. All over the world, numerous plants are in operation, 
accomplishing tasks that range from the recovery of metals from industrial 
wastes to the separation of rare earths, and from catalysis of organic 
reactions to decontamination of water in cooling systems of nuclear 
reactors. The constant increase in the number of publications may be 
taken as the best evidence for the spreading interest in ion exchange and 
for the hopes and expectations that accompany its future development. 
The applications of organic resins are limited by their breakdown in 
aqueous systems at high temperatures and in the presence of high 
ionizing radiation doses. For these reasons there had been a resurgence 
of interest in inorganic ion exchangers in the 1950s. One of the possible 
ways of solving these problems involved replacing the organic skeleton of 
the ion exchanger by the inorganic skeleton. Pioneering work was carried 
out in this field by the research team at the Oak Ridge National University 
by Kraus, and by the English team led by Amphlett. Potentially suitable 
ion exchange sorbents that were studied included not only the oxides, 
hydrated oxides and insoluble salts of polyvalent metals but also the 
salts of heteropolyacids, hexacyanoferrates, aluminosilicates and zeolites. 
Further extensive research and study of inorganic ion-exchange 
sorbents were carried out in the 1960s and 1980s. Clearfield and co-
workers made great contributions in this area. In the last two decades, 
intensive research has continued on the synthesis of a number of new 
organo-inorganic materials that have excellent properties. Interest in the 
industrial use of inorganic and especially the organo-inorganic ion 
exchange sorbents has also increased. From a contemporary point of 
view, the development of ion-exchangers and sorbents can be divided into 
several periods. Table 1.3 summarizes the various stages of the 
development of ion-exchangers and sorbents. 
Table 1.3 Stages of development of ion exchangers and sorbents. 
Period Development 
Up to 1850 First experimental observations and information. The 
principle of ion exchange had not yet been discovered. 
1850-1905 Discovery of the principles of ion exchange and the first 
experiments in the technical utilization of ion 
exchangers. 
1905-1935 Use of inorganic ion exchange sorbents and modified 
natural organic materials. 
1935-1940 Rapid development of organic materials. Inorganic ion-
exchange sorbents were almost completely eliminated 
from all applications. 
1940-todate Continued rapid development of artificial organic ion 
exchangers and a renaissance in inorganic ion 
exchange sorbents and their practical application. 
Recently The latest development in this discipline has been 
carried out with the conversion of inorganic ion 
exchange materials into hybrid (organo-inorganic) ion 
exchangers by incorporating organic polymers. 
The real utility of an ion-exchanger depends largely on its ion-
exchange characteristics. Ion exchange capacity, concentration and 
elution behaviour, pH titration and distribution behaviour are some of the 
properties that constitute the ion-exchange characteristics of a material. 
The ion exchange capacity depends on two factors: [a] hydrated ionic radii 
and [b] selectivity. As the hydrated ionic radius increases the ion-exchange 
capacity decreases because the exchange now becomes more difficult. 
The selectivity of an ion exchanger is affected by the nature of its 
functional group and the degree of its cross-linking. Ion exchangers 
containing groups that are capable of complex formation with some 
particular ion will adsorb these ions more strongly. If the degree of cross-
linking increases the exchanger becomes more selective in its behaviour 
towards ions of different sizes. An increase in cross-linking also decreases 
the swelling of the exchanger. The elution of H^ ions from a column 
depends on the concentration of the eluant. An optimum concentration of 
the eluant necessary for a maximum elution of H"" ions depends upon the 
nature of the ionogenic groups present in the exchanger, which in turn, 
depends upon the pKa values of the acids used in its preparation. The 
efficiency of an ion exchanger depends onJs following fundamental 
properties. 
• Equivalence of exchange. 
• Donan exclusion-the ability of the resin to exclude ions 
but not the undissociated substances, in general. 
• Selectivity or affinity preferences of the exchanger for 
one ion relative to another, including cases in which the differing 
affinities/the ions are modified by the use of complexing or chelating 
agents. 
• Screening effect - the inability of very large ions or 
polymers to be adsorbed to an appreciable extent. 
• Differences in migration rate of adsorbed, substances 
down a column - primarily a reflection of differences in affinity. 
• Ionic mobility restricted to the exchangeable ions and 
counter ions only. 
• Miscellaneous - swelling, surface area and other 
mechanical properties. 
The stability of the ion exchangersis affected by their synthesis. The 
ion exchange stability becomes especially evident in change of volume 
exchange capacity, the loss in ionogenic groups, swelling changes, in the 
formation of new groups (especially weakly acidic) or in the destruction of 
the resin skeleton to various degrees. Chemical stability of synthetic ion 
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exchangers plays an important role in their analytical applications. Organic 
ion-exchangers are usually stable in a wide pH range, while inorganic 
materials differ widely in this respect. The insoluble salts of polyvalent 
metals are highly stable even in very concentrated acids. The thermal 
stability of ion exchangers depends on the type of resin skeleton, its 
degree of cross-linking, and the type of ionogenic group and their counter 
ions. The polymer materials of organic resins breakdown at elevated 
temperature, with a concomitant decrease in their exchange capacity. In 
contrast, inorganic sorbents are very stable at elevated temperatures. Due 
to the swelling ability of the ion exchangers there is no substantial 
difference between the degradation of dry or swollen sorbent. It is 
generally believed that inorganic ion exchangers are resistant to radiation. 
Organic resins are very sensitive to exposure to high radiation doses, 
which cause significant changes in their capacity and selectivity. Organic 
ion exchangers have high mechanical stability and can be prepared with a 
well defined grain size. They are resistant to abrasion, and are thus useful 
for use in packed columns. In contrast, inorganic ion exchange sorbents 
exhibit poor hydrodynamic properties and are difficult to prepare in the 
form of particles with an acceptable particle size distribution. 
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ORGANIC ION EXCHANGERS 
Organic ion-exchange resins consist of an elastic tJiree-dimensionai 
network of hydrocarbon chains, which carry fixed ionic groups. The charge 
of the groups is balanced by mobile counter ions. The resins are cross-
linked polyelectrolytes. l^ hey are insoluble, but can swell to a limited 
degree. The ion-exchange behaviour of the resins depends chiefly on the 
nature of the fixed ionic groups. Organic ion-exchangers may be natural or 
synthetic. Sulphonated coal is an example of natural organic ion-
exchanger. Synthetic organic ion-exchange resins are superior to other 
materials because of their high chemical stability, high mechanical stability, 
high ion-exchange rates, high ion-exchange capacity and versatility. The 
most important synthetic organic resins are copolymer products of styrene 
and divinyl benzene. These ion exchange resins have been used for the 
separation of metal ions of analytical as well as industrial importance. In 
addition to such applications their use has also been recognized in the 
demineralization and decolorization of sugar cane juices for producing 
sugar of the quality compatible to the international standards, replacing the 
old methods for this process [11-14]. 
Organic ion-exchanger may be a cation exchanger or an anion-
exchanger. Both Cation and anion exchangers are further divided as 
strong or weak depending upon the nature of the ionogenic groups. 
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Although organic resins have wide applications in analytical chemistry 
because of their high stability in wide range of pH and reproducibility in 
results, the main drawback has been their instability under conditions of 
high radiation and elevated temperatures. This was the reason why an 
interest in the synthesis and ion-exchange properties of inorganic ion-
exchange materials was revived. 
INORGANIC ION-EXCHANGERS 
The advent of nuclear technology initiated a search for ion exchange 
materials that would remain stable above 150°C and in high radiation 
fields. Inorganic ion exchangers possess these properties retaining their 
i.e.c. and selectivities. They exhibit higher selectivities and separation 
factors than their organic counterparts and hence have good applications 
in the treatment of industrial and radioactive wastes, and processing of 
radioisotopes in nuclear technology. Further researches have shown that 
they have applications in the detection and separation of metal ions under 
ordinary conditions also. They have been found useful in the preparation of 
ion selective electrodes and as packing materials in ion chromatography. 
Analysis of rocks, minerals, alloys and pharmaceutical products [15-20] 
have also been made using these materials. Zirconium phosphate has 
been reported to be useful as adsorbent in the portable artificial kidney 
devices [21]. 
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As the literature shows inorganic ion exchangers have become an 
established class of materials of great analytical importance. At present we 
have enormous literature available to the ion exchanger practitioner on the 
use of inorganic ion-exchangers. These exchangers excluding, zeolite,, 
which are already heavily used, will find more use in the twenty first 
century. Since last decades their has been a great upsurge in the 
researches of inorganic ion exchange materials, the main emphasis being 
given on the synthesis and characterization of chemically stable materials 
and reproducible in ion-exchange behaviour. Almost half a century of 
research on inorganic ion-exchange materials and their great development 
in 1960s and 1970s is naturally reflected in the number of monographs and 
reviews dealing with this subject. Books and monographs necessarily 
provide a long-term picture of the given field, while reviews give new 
information on the state of the art in a much shorter time interval. Important 
advances in this field have been reviewed by a number of workers at 
various stages of its development like Amphlett [22,23], Fuller [24], Vesely 
and Pekarek [25,26], Clearfild et al. [21,27], Abe et al. [28, 29], Alberti et al. 
[30], Qureshi et al. [31,32], Marinsky [33], Varshney et al. [34,35], Ivanov et 
al. [36] and Terres-Rojas et al. [37]. Dyer has dealt with the theories 
involved in zeolite molecular sieves [38-40], which have a direct relevance 
to the principle underlying the inorganic ion exchangers. 
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Pekarek, [25,26] classified the inorganic ion exchangers into six 
broad categories according to their chemical nature and structure. They 
arf^  3.S follow^' 
1. Insoluble acid slats of polyvalent metals. 
2. Hydrous oxides of polyvalent metals. 
3. Salts of heteropolyacids. 
4. Insoluble hexacyanoferrates (II) 
5. Synthetic aluminosilicates. 
6. Miscellaneous inorganic exchangers e.g. mercarbide 
salts and potassium polyphosp^atte^-
Clearfield [27], however, gave an expanded form of classification of 
these compounds, indicating their 14 types shown in Table 1.4. 
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Table 1.4: Principal classes of inorganic ion-exchangers. 
S.No. Type Example Exchange 
capacity [meq/ 
S] 
1. Smectic clays Montmorillonites M"\,„ [Al^ .x Mg^] 
(Si8)02o(OH)4 
0.5-1.5 
2. Zeolites Nax (AI02)x (Si02)v.zH20 3-7 
3. Substituted 
aluminium 
phosphates 
Silico aluminophosphates, Metal-
substituted aluminophosphates 
(M^AIi.x02)(P02)(OH)2x/n 
Depend upon 
value of x 
4. Hydrous oxides (a) Si02.xH20, ZrOz.xHzO 
(b) [H30]2 Sb206, 
Polyantimonic acid 
1-2 
1-5 
5. Group IV 
phosphates 
Zr(HP04)2. H2O, Sn(HP04)2.H20 4-8 
6. Other phosphates Uranium phosphates, vanadium 
phosphates, antimony phosphates 
-
7. Condensed 
phosphates 
NaPOa 8 
8. Heteropoly acid 
salts 
MnxYi204o.H20 
[M=H", Na'NH4^ X = P, As, Si, B; 
Y=Mo, W] 
9. Ferrocyanides M4/n"^  Fe[CN]6 
[M=Ag^ Zn^\ C u ' ^ Zu'\ n=ion 
charge] 
1.1-6.1 
10. Titanates Na2TinO2n.i[n=2-10] 2-9 
11. Apatites Caio-x Hx (P04 )6 (0H)2.x Cation and anion 
exchange 
12. Anion exchangers Hydrotalcite 
MgeAbfOHjie CO3.4H2O 
Anion-exchange 
2-4 
13. Miscellaneous types Alkaline-earth sulphates 
polyvanadates, sulphides 
-
14. Fast ion conductors p-alumina, Na^x AliiOi7*x/2 
NASICOM, Nai^xZr2SixP3-x O12 
1.5-3 
2-7 
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Insoluble polybasic acid salts of polyvalent metals have shown a 
great promise in preparative reproducibility, ion exchange behaviour, and 
both chemical and physical behaviour. Many metals such as aluminum, 
antimony, bismuth, cerium, cobalt, iron, lead, niobium, tin, tantalum, 
titanium, thorium, tungsten, uranium and zirconium have been used for the 
preparation of ion exchange materials. Also a large number of anionic 
species such as phosphate, tungstate, molybdate, arsenate, antimonate, 
silicate, telluride, ferrocyanide, vanadate, arsenophosphate, 
arsenotungstate, arsenomolybdate, arsenosilicate, arsenovanadate, 
phosphomolybdate, phsophosilicate, phosphovanadate, molybdosilicate 
and vanadosilicate etc. have been used to prepare inorganic ion 
exchangers. The majority of work was carried out on zirconium, titanium, 
tin, niobium and tantalum. Table 1.5 summarizes the inorganic ion 
exchangers prepared so far and their selectivity for the different metal ions. 
Most of these materials possess the following qualities to be 
practically useful. 
1. They are virtually insoluble with in a reasonably wide 
range of pH. 
2. They have appreciably good ion exchange capacity. 
3. They show rapid sorption and elution behaviour. 
4. They show resistance to attrition. 
5. Their method of preparation is easy. No cumbersome 
method is involved and no costly apparatus is required for their 
preparation. 
6. They have high selectivity for some metal ions. Hence, 
a selective separation/removal of metal ions from aqueous media is 
possible. 
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Tablets: Inorganic ion-exchangers prepared so far and their selectivity for the metal ions. 
Material Nature Selectivity Reference 
(I) Aluminium based exchangers 
Aluminium amimonite 
Aluminium vanadate 
Aluminium tri poly-phosphate 
(II) Antimony based exchangers 
Antimonic acid 
Phosphoantimonic acid 
Phosphorous-antimony 
Silicon-antimony 
Antimony ferrocyanide 
Antimony-phosphorous-silicon 
(III) Bismuth based exchangers 
Bismuth tungstate 
Bismuth tellurate 
(IV) Cerium based exchangers 
Cerium phosphate 
Cerium-phosphate-sulphate 
Cerium arsenate 
Cerium antimonate 
Cerium molybdate 
Cerium tungstate 
Cerium phosphosilicate 
Cerium selenite 
Cerium vanadate 
Amorphous 
Amorphous 
Crystalline 
Glassy 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Microcrystalline 
Crystalline 
Crystalline 
Microcrystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Ag(l),U02(lI),Ba(Il),Ti 
(IV) 
K(I), Li(I) 
Na(l), K(l), NH4(I). Ag(l) 
Sr(ll) 
Cd(ll), Li(i), Na(I), Mg(]IX 
Sr(II), Ba(ll)Y(lII), La(IIl) 
Pb(II) 
Cs(I), Rb(I), K(l), Na(l), 
Li(I) 
Cs(l), Na(l) 
Pb(Il), Ba(ll), Ag(I) 
Na(I), Ag(I), Sr(n), Ca(n), 
Cs(l) 
Hg(Il) 
Hg(lI),Ti(iV) 
(41,42) 
(43) 
(44) 
(45.46) 
(47,48) 
(49) 
(50) 
(51) 
(52) 
(53) 
(54) 
(55-57) 
(58) 
(59) 
(60) 
(61) 
(62) 
(63) 
(64) 
^65) 
(66) 
(67) 
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(V) Chromium based exchangers 
21. Chromium phosphate Amorphous K(I), Na(l), Li(I) 
Ca(ll), Sr(II), Ba(II) 
(68) 
(69) 
22. Chromium arsenate Amorphous Zr(IV), Hf(IV) (70) 
23. Chromium molybdate Amorphous Pb(Il), Ga(in) (70) 
24. Chromium tungstate Amorphous Th(lV), Hf(lV) (70) 
25. Chromium antimonate Amorphous Pb(ll), Co(ll) (70,71) 
26. Chromium teilurate Amorphous -- (72) 
27. Chromium ferrocyanide Amorphous Cu(ll),Ag(l) (73) 
28. Chromium arsenophosphate 
(VI) Cobalt based exchangers 
Amorphous K(l) (74) 
29. Cobalt antimonate Amorphous -- (75) 
30. Cobalt ferrocyanide 
(VII) Iron based exchangers 
Crystalline — (76) 
31. Ferric phosphate Amorphous Pb(II), Eu(ni), Ga(III) (77) 
32. Ferric arsenate Amorphous K(I), Na(I), Li(l) (78) 
33. Ferric antimonate Amorphous Cd(Il) (79) 
34. Ferric tungstate Amorphous Ce(IV) (80) 
35. Ferric ferrocyanide 
(VIII) Lead based exchangers 
Amorphous Ca(II) (81) 
36. Lead antimonate Amorphous Pb(ll), Cd(II) (82) 
37. Lead tungstate Amorphous -- (83) 
38. Lead strontium phosphate 
(IX) Magnesium based 
exchangers 
(84) 
39. Magnesium phospiiate Amorphous 
-- (85) 
40. Magnesium trisilicate 
(X) Niobium based exchangers 
Amorphous 
— (86) 
41. Niobium antimonate Semicrystalline 
- (87) 
42. Niobium arsenate Amorphous Rare earth elements (88) 
43. Niobium molybdate Amorphous La(lII) (89) 
44. Niobium phosphate 
(XI) Tin based exchangers 
Amorphous 
— (90) 
45. Stannic phosphate Amorphous Na(l), Li(l)Cii(l) 
Zn(ll),Ni(ll),Co(ll) 
(91) 
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S. No. 
46. 
47. 
48. 
49. 
50 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
Material 
Stannic tungstoseienate 
Stannic arsenate 
Stannic antimonate 
Stannic moiybdate 
Stannic selenite 
Stannic tungstate 
Stannic vanadate 
Stannic ferrocvanide 
Stannous terrocyanide 
Stannic moiybdosilicate 
Stannic molybdoarsenate 
Stannic pyrophosphate 
Stannic selenopyrophosphate 
Stannic tugstophosphate 
Stannic phosphosilicate 
Stannic tungstovanadopliosphate 
Stannic seienophosphate 
Stannic tungstoarsenate 
Stannic vanadoarsenate 
Stannic vanadophosphate 
Stannic selenoar.senate 
Stannic vanadotungstalc 
Stannic arsenoantimonate 
XII Tantalum based exchangers 
Tantalum phosphate 
Tantalum arsenate 
Tantalum antimonate 
Tantalum selenite 
Nature 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Seinicryslalline 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Selectivity 
Ba(ll) 
Al(lll), Ga(ni). In (111) 
Cu(ll), Ni(il), Co(ll) 
Pb(n) 
Li(l), Na{I), K(l) 
Co(ll), Ba(ll),Ni(ll) 
^b((ll), Mn(ll). Cu(ll)Sr(ll 
K(l), Na(l), Li(l) 
K(l). Na(l). Ba(ll) 
Cu{ll). Ni(ll). Mg(ll), Mn(ll), 
Y(lll) 
ThtIV) 
Zr(lV), Th(lV), 
Y(llI),Bi(IlI) 
Ag(l). Pb(ll), Sr(Il), Zr{lV) 
Zn(n), Hg(ll) 
Hg(!I) 
Ba(ll), Cu(ll) 
Ba(Il) 
Ba(ll), Cu(ll) 
Al(lll) 
Mg(Il), Ba(ll) 
Cd(Il),Ni(Il) 
Cs(l), Rb(I) 
Ba(Il), K(i),Na(l) 
K(l). NH4(l)Na(l) 
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73. 
74. 
75. 
76. 
77. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
Tantalum tungstate 
Tantalum sulphate 
XIII Titanium based exchangers 
Titanium phosphate 
Titanium arsenate 
Titanium antimonate 
78. Titanium moiybdate 
79. Titanium tungstate 
80. Titanium selenite 
81. Titanium vanadate 
82. Titanium t'errocyanide 
83. Titanium arsenophosphaie 
84. Titanium terricyanide 
85. Titanium arsenosilieate 
86. Titanium mol>bdophosphi 
87. Titanium phosphosilicate 
Titanium tungstoarsenate 
Titanium tungstophosphate 
Titanium vanadophosphate 
XIV Thorium based exchangers 
Thorium phosphate 
Thorium arsenate 
Thorium antimonate 
Thorium moiybdate 
Thorium tungstate 
XV Tungsten based exchangers 
Tungsto antimonic acid 
Tungsten ferrocyanide 
XVI Uranium based exchangers 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Semicrystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Crystalline 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Crystalline 
Crystalline 
Amorphous 
K(l). Y(lll) 
K(l). Zn(II) 
Pb(l!), Cu(ll), Ba(ll) 
Sr(n).Cd(n)Zn(lI) 
Rare earth metals 
VO(ll) 
Pb(ll), Ba{ll). Tl(l). K(l) 
Cs(l), Mg(ll), Ca(ll) 
Cd(ll) 
Sr(l!) 
Cs(l) 
Rb(l) 
Pb{ll) 
Zr(IV),Nb{V).Pu(lV), Cs{l) 
Pb{ll) 
Th(IV) 
Rb(l),Cs(l),Ag(l) 
Pb(ll). Fe(lll), Bi(lll) 
Fe(lll), Zr(IV), Pd{ll) 
Cs(l). K(i), Na(l) 
Bi(ill), Hg(Il) 
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98. 
99, 
100. 
101. 
102. 
103 
104. 
105. 
106 
107. 
108. 
109. 
110. 
111. 
Uranyl hydrogen phosphate 
Uranium ferrocyanide 
XVI Zirconium based exchangers 
Zirconium phosphate 
Styrene supported zirconium phosphate 
Zirconium pyrophosphate 
Zirconium hypophosphate 
Zirconium polyphosphate 
Zirconium-aluminium phosphate 
Zirconium arsenate 
Zirconium antimonate 
Zirconium molybdate 
Zirconium tungstate 
Styrene-supported zirconium 
lungstophosphate 
Zirconium lungstophosphate 
112. Zirconium tellurate 
113. Zirconium oxalate 
114. Zirconium silicate 
115. Zirconium ferrocyanide 
116. Zirconium silicomolybdaie 
117. Zirconium arsenophosphate 
118. Hydrous zirconium o,\ide 
119. Zirconium arsenophosphate 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Crystalline 
Amorphous 
Amorphous 
Cs(l), Rb(I), K(l) 
Cs((). Rb([). K(f). Na([) 
Eu(lll), Sr(II), Co()J). 
Ni(ll)Zn(ll), UOJCH) 
Na(I), Ag(l) 
Ca(ll), NH4(I) 
Sr(I(),U02((l),Ce(II[) 
Cu(ll), Ni(lI)Ca(ll) 
Na(l). Fe(ll), Mg((I) 
I'or multivalent metals 
Fe(lll). Cu{II)Ca{in. Ba(II 
Pb(ll) 
Cs(I), K(l),Na(l) 
Na(l). K(l). Cs(I) 
Na(I). K(l), NH^I), 
Rb(l). Cs(l), Li(l) 
Cs(l), Rb(I), K(I). Na(l), Li(I) 
Hg(ll) 
Cd(ll) 
Na(l). Cs(l), Rb(l).K(l) 
Th(IV), Sm(III), Csd). Sr(ll) 
Li(l)Na(l), NH,(I) 
Bi(m) 
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120. Zirconium arsenosilicate Crystalline -- (173) 
121. Zirconium tungstoarsenate -- Ag(l) (174) 
122. Zirconium titaniumphosphate Crystalline - (175) 
123. Zirconium aluminopyrophosphate -- -- (176) 
124. Zirconium arsenosilicate Crystalline Al(IlI), Fe(lll), Pb(ll), 
Cd(ll) 
(177) 
125. Zirconium molybdovanadate -- Na(l) (178) 
126. Zirconium molybdophosphate -- - (133) 
127. Zirconium phosphosilicate Amorphous Cs{l) (179) 
128. Zirconium selenite 
XVIII Miscellaneous acid salts 
Crystalline 
— 
(180) 
129. Cesium zirconium phosphate -- -- (181) 
130. Collidinium molybdoarsenate - Tl(l). La(lll) (182) 
131. Copper ferricyanide - - (183) 
132. Hafnium phosphate Amorphous Li(I) (184) 
133. a-Hafnium phosphate Crystalline -- (185) 
134. Lanthanum antimonate Amorphous Hg(n), Mgcii) (186) 
135. Lanthanum tungstate Amorphous - (187) 
136. Molybdate ferrocyanide Semicrystalline Cs(l) (188) 
137. Nickel antimonate Amorphous Bi(I) (75) 
138. Pyridinium tungstoarsenate 
-- Rb(l),Cs(l) (189) 
139. Tellurium antimony Amorphous 
-- (190) 
140. Vanadium ferrocyanide Amorphous Cs(I), Rb(l) (191) 
141. Zinc ferrocyanide Amorphous Cs(l) (192) 
142. Zinc uranyl phosphate 
--
-- (193) 
143. Zinc uranyl phosphomolybdate 
-
- (184) 
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COMPOSITE MATERIALS 
Two or more materials are combined together to produce a new 
material that may posses?.much better properties than any one of the 
constituent materials. The new materials are called as composite materials. 
For example wool is a natural composite, which consists of long cellulose 
fibers held together by amorphous lignin. Some artificial or synthetic 
composite materials are cement, inorganic fillers in plastics, or organic 
coatings on the surface of metals etc. There are three types of composite 
materials: 
(a) Agglomerated materials: In this process the particles 
are condensed together to form an integral mass and are known as 
agglomerated composite materials (e.g. cement concrete). 
(b) Laminated materials or laminates: The materials which 
are produced by bonding two or more layers of different materials 
completely to each other are known as laminated materials or 
laminates (tufnol). 
(c) Reinforced materials: The materials that are produced 
by combining suitable material to provide additional strength, which 
does not exist in a single material are known as reinforced materials 
(e.g. nylon reinforced rubbers, fiber reinforced plastics etc.). 
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The word 'composite' is used in tlie technical sense to describe a 
product that arises from the incorporation of some basic structural material 
into a second substance the matrix of which is incorporated either in form 
of particles, whiskers, fibers or a mesh. The main characteristics sought in 
an additive that in turn gets conferred on the composite, are elastic rigidity, 
tensile and fatigue strength, hardness and appropriate electrical and 
magnetic properties. Thus a polymer composite may be defined as a 
combination of a polymer with one or more other materials to produce a 
new material to avail advantages of desirable properties of each 
component. Hence, in composite materials, the interface between two 
different materials is very important feature of their durability or mechanical 
properties. In other words, the concept of these composite materials is 
'paste together' to form a material with improved properties. 
Composite materials formed by the combination of inorganic 
materials and organic polymers are attractive for the purpose of creating 
high performance or high functional polymeric materials. Of particular 
interest is the molecular level combination of two different components that 
may lead to new composite materials that are expected to provide many 
possibilities, termed as "Organic-inorganic" or "hybrid" materials. 
Accordingly, hybrids can be used to modify organic polymer material or to 
modify inorganic glassy materials. In addition to these characteristics the 
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hybrid materials can be considered as new composite materials that 
exhibit very different properties from their original components (organic 
polymers and inorganic materials). In other words, hybrid materials should 
be considered as next generation composite materials that will encompass 
a wide variety of applications. 
HYBRID ION-EXCHANGERS 
The conversion of inorganic ion exchange materials into hybrid ion 
exchangers is the latest development in this discipline. The preparation of 
hybrid ion exchangers is carried out with the binding of organic polymer i.e. 
polyaniline, polyacrylonitrile, polyacrylic acid, polymethylmethacrylate, 
polystyrene, pectin etc. These polymer based hybrid ion-exchange 
materials show an improvement in a number of their properties. One of 
them is its granulometric property that makes it more suitable for the 
application in column operations. The binding of organic polymer also 
introduces better mechanical properties in the end product i.e. hybrid ion 
exchange materials. Hybrid ion exchangers can be prepared as three-
dimensional porous materials in which layers are cross linked or as layered 
compounds containing sulphonic acid, carboxylic acid or amino groups. 
Some hybrid ion-exchangers prepared so far are pyridinium-
tungstoarsenate [194], zirconium (IV) sulphosalicyclophosphate [195], 
polyaniline tin (IV) phosphate [196].Table 1.6 summarizes the ion 
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exchange capacity, selectivity and the possible separations on some 
hybrid ion exchangers prepared in our laboratories. 
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Table 1.6: Some hybrid ion exchangers prepared by Varshney et. al 
and their ion exchange characteristics for metal ions. 
S.No Name of the 
material 
Ion 
exchange 
capacity for 
Na*(meq/dry 
g) 
Selectivity X-ray 
nature Reference 
1. Styrene 
Zirconium 
(IV) 
Phosphate 
2.18 Pb(ll) Semi 
crystalline 
197 
2. Acrylamide 
Zirconium 
(IV) 
Phosphate 
2.26 Hg(ll) Crystalline 198 
3. Pyridine 
Zirconium 
(IV) 
Phosphate 
2.00 Hg(ll) Poorly 
crystalline 
199 
4. Acrylonitrile 
Zirconium 
(IV) 
Phosphate 
2.08 Sr(ll) Semi 
crystalline 
200 
5. Pyridine 
Tin (IV) 
Phosphate 
2.10 Pb(ll) Poorly 
crystalline 
199 
6. Acrylamide 
Tin (IV) 
Phosphate 
2.10 Hg(ll) Poorly 
crystalline 
201 
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FIBROUS ION-EXCHANGERS 
Fibrous ion-exchangers have been of recent origin and these 
materials have drawn the attention of researchers and experimentalist as 
they exhibit a high efficiency in the process of sorption from gaseous and 
liquid media. Fibrous ion-exchange materials have great advantage of 
having capability for obtaining in different forms such as conveyer belts, 
non-woven materials, staples, nets and cloths etc. This may open new and 
novel possibilities of using these materials in environmental analysis as 
shown in Fig.1.1. Fibrous ion-exchangers consist of monofilaments of 
uniform size ranging in diameter between 5-50|am. This predetermines 
short diffusion path of sorbates in a sorbent and high rate of sorption, 
which can be about hundred times higher than that of granular resins, 
which have particle ranging in diameter 0.25-1 fim, normally used in such 
processes. Thus, they are more useful in large-scale processes. These ion 
exchangers have extremely high osmotic stability, which allow them to be 
used in conditions of multiple wetting and drying occurring at cyclic 
sorption process or regeneration process in air purification. Fibrous ion-
exchanger, open new alternatives in ion-exchange processes. The 
literature study shows that most of the researches on ion-exchange fibre 
have been done at USSR and Japan, thus these are the main centres of 
origin. 
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yv y^ 
(c) 
Regeneration C7 
bath 
lEF 
— O". '" 
Fig. 1.1 Variants of application of ion-exchange fibers (lEF) in 
liquid and gaseous processes. 
(a) Ion-exchange columns with different filling 
(i) Staple pulp (ii) Parallel threads (iii) Layers of fibrous 
material 
(b)Conveyer belt made o^ ion-exchange fibers (Process with 
continuous regeneration). 
(c)Mats made of lEF in the river or sea stream, 
(d)Dragging nets made of lEF. 
(e) Chemical air filters with lEF. 
(f) Gas mask or respirator filled with lEF material. 
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Number of monographs [202-204] review papers [205-206] and 
patents have described the preparation methods, technologies properties 
and possible areas of applications of fibrous ion-exchangers. The tentative 
production of different fibrous ion-exchangers (VION®) has been organized 
in the USSR. Similar products are also produced in Japan [206,207]. 
Recently, research has been carried out to develop preparation methods 
for fibrous ion-exchangers of different types and identification of different 
fields such as air purification from acidic and alkaline impurities [202,208], 
water purification, preparative chromatography etc. at the Institute of 
Byelorussian Academy of Sciences Minsk, USSR. Japanese and Western 
authors [209-211] have done a lot of work related to water purification, 
extraction of uranium, gold and other useful substances from water. Here, 
various applications of fibrous ion-exchangers make it possible to employ 
other conventional column methods. 
Fibrous ion-exchangers having the registered trademark Tiban®" 
[212,213] are strong acid cation exchangers. They are prepared by 
sulphonation of styrene divinylbenzene copolymer grafted on to 
polypropylene fibre. Fiban A-l, a strong base fibre [214], is a product of 
chloromethylation and subsequent amination of the same grafted 
copolymer with trimethylamine. Fiban K-1 and A-1 ionexchangers are 
analogues of common granular ion-exchange resins and can be used for 
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the same purpose. The Fiban AK-22, a weak base polyacrylic fibre, is a 
complex forming polyampholyte containing imidazoline and carboxyl 
groups [215]. 
Two families of Fiban fibres are developed. One of them is prepared 
by grafting of polystyrene onto polypropylene fibres. It was carried out at 
room temperature by use of styrene solutions in organic solvents by 
means of generation of radicals in the polypropylene matrix initiated by 
100rad/s radiation. In other cases, about 2% vinyl benzene was added to 
styrene. Fig. 1.2 shows the scheme for the preparation of the family of 
fibrous Fiban ion-exchangers. The exchange capacity of these ion-
exchangers can be varied changing the quantity of polystyrene grafted 
onto polypropylene fibres and degree of polymer analogous 
transformations. Under several conditions grafting degree can be raised to 
600% (6 weight parts of polystyrene per one weight part of polypropylene), 
the sulphation degree to 1, amination degree to 1.2, (functional groups per 
benzene nucleus). The exchange capacity of these ion-exchangers can 
reach up to 4.5meq/g. The exchange capacity of anion exchangers with 
imidazoline groups can be up to 11 meg/g. The problem in synthesis of ion 
exchanger fibres is compromisingly high exchange capacity and their 
mechanical properties (tensile strength and elasticity). An increase in ion-
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Polypropylene - graft [Styrene-DVB Copolymer] 
H2SO4, AT 
1. CHsOCHjCl; SnCU; 
ZnClj, AT 
2. (CH3)3N,AT 
1. CH3OCH2CI; SnCU; 
ZnCli, AT 
2. NaOH, AT 
3. HNO3, AT 
' ' ' ' 
FIB AN K-1 FIB AN A. 1 FIBAN K-^ 
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u O COOH O - O 
SO3H CH2-N^(CH3)3Cr COOH COOH 
Fig. 1.2 A technological scheme for preparation of Fiban ion 
exchangers. 
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exchange capacity leads to decrease in mechanical and textile 
characteristics. The swelling of fibres should be maintained within 
acceptable limits. The swelling properties of fibrous ion-exchangers can be 
varied by changing the polystyrene grafting degree, the divinylbenzene 
content, the number of functional groups, the grafting conditions and 
treatment of fibres. Swelling of fibrous ion-exchangers qualitatively 
depends on the ionic form and the way of swelling resembles with 
conventional granular ion-exchangers. The preparation of ion-exchangers 
of maximum capacity serves no practical purpose due to unfavourable 
mechanical, osmotic properties, as well as swelling ratio. 
Ion-exchange fibres open new technological possibilities for metal 
ions recovery, purification of water and treatment of water in natural 
reservoirs. Ion exchange fibres when used for purification of water and 
gases may undergo osmotic shocks or may be exposed to aggressive 
media. Fibrous ion-exchangers can be used to make fabrics under some 
mechanical characteristics. Fibrous ion exchangers are uniform in 
diameter as compared to commercial granular ion-exchange resins. For 
weaving fabrics, the strength of ion-exchange fibres is kept high. They can 
withstand multiple bends without destruction. The ion-exchange capacity is 
not affected when they undergo various osmotic shocks induced by 
frequent changes in swelling. The structure of fibres depends on the 
method of preparation of starting graft copolymer. It may be more or less 
porous in nature and yield ion-exchanger of greater or lesser mechanical 
and osmotic strength. Ion exchange fibres are produced by introducing, 
through radiation initiated by graft polymerization, ion-exchange groups 
into the sheath of each composite fibre the core and the sheath of which is 
composed of different kinds of high polymer components. Exposing fibres 
with a core/sheath structure to an ionizing radiation and then grafting a 
polymerizable monomer to the fibres produce separation functional fibres. 
The separation functional fibres and ion-exchange fibres are useful in 
purification of pure water in electric power, nuclear, electronic and 
pharmaceutical industries and demineralization of high- salt content 
solutions in production of food and chemicals. The fibers are also useful in 
removing harmful gases as well as odorous components such as ammonia 
[216]. 
The preparation of acrylic grafted polypropylene fibres improves Indy 
ability of polypropylene fibre through high-energy radiation grafting 
technique [217]. It evaluates the role, actual and potential of high-energy 
electron beam irradiation of polypropylene fibres for grafting with aqueous 
solutions of two acrylic monomers in the presence of peroxide catalyst. 
The most effective combination depends on a particular molar ratio of each 
monomer, which give a synergetic influence on graft yield. 
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Fiban K-1 and Fiban A-1 fibres have a chemically inert matrix, 
polypropylene. The chemical stability of Fiban K-1 and Fiban A-1 fibres 
towards acids, bases, oxidants and majority of solvents under ordinary 
conditions is similar to that of common styrene-divinylbenzene ion-
exchangers. The thermal stability of ion exchange fibres is determined by 
properties of polypropylene-polystyrene binding nodes. Besides, various 
effects of anion exchangers, it has been found fibrous ion-exchangers 
[218] that at 160°C an endothermal peak appears in DTA curve which 
provide an evidence for the melting of polypropylene matrix crystallites. In 
addition, at I85-I96°C a sharp increase in heat release is observed. The 
studies of ion-exchange capacity and infra-red spectra showed that above 
affects can also be explained by the overlapping of an endothermal 
process and decomposition of functional groups of anion exchange fibres 
upon exothermal oxidative polypropylene destruction. Thus, Fiban A-1 
Fiban K-1 can be applied under similar conditions to granular styrene 
divinylbenzene ion-exchangers. The osmotic stability of fibrous ion-
exchangers based on polypropylene fibres appeared to be very high. They 
undergo thousands of swelling-contraction cycles upon alternate treatment 
with acids and base, as well as drying and wetting while the fibrous ion-
exchangers with polyethylene fibres [219] shows a more homogenous 
composition of functional groups and a higher elasticity. 
38 
Fibrous ion-exchangers [220,221] obtained in tiie form of slieet iiave 
high permeability to air and water. Watanabe [222] described a method for 
manufacturing partially heat-bonding ion-exchange fibres and fibre 
containing components (A) having melting point lower than the ion-
exchange fibres and or components having melting point higher than the 
A. Thus, a piece of paper (basis wt.100/gm^) prepared from 50:50 mixture 
of multlcore ion-exchange fibre (diameter 40)im, length 0.5mm) and 
cellulose fibre was pressed at 5 kg/cm^ dried at 90°, laminated with a web 
(basis wt., 30g/m^) of component hot-melt adhesive fibre (B), sandwiched 
between steel nets, and heated at 175°C for 3 min to form a sheet showing 
tensile strength 4.1 kg/15 mm (longitudinal) and 4.2 kg/ 15 mm 
(transverse) tear strength (3.8 kg /cm^) and air permeation 4.9cm^/cm^-S. 
The Ion-exchange fibre sheet in the form of tobacco smoke filter material 
[223,224] prepared by sulphonating polymer fibres, selectively remove 
carcinogenic and mutagenic substances from cigarette smoke, without 
affecting flavour and aroma. Thus, a compound containing polystyrene 
(9003-53-6) 40 and polypropylene (9003-07-0) 10 parts enclosing 
polypropylene 50 parts were spun at 270''C to yield fibre (42 denier, 42 
filament). The fibres were cut into 1 mm segments. The cut fibres were, 
soaked in a solution containing H2SO4 22, nitrobenzene 104 and 
paraformaldehyde 0.3 parts. The fibres were allowed to with stand at room 
temperature for 6 hours, washed with water and then ethyl alcohol and 
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dried. The dried fibres were soaked in H2SO4 at 90°C for 24 hours washed 
and dried. The fibres were H-type, sulphonic acid-containing strongly 
acidic cation exchangers, (ion-exchange capacity 3.0|ig Na/g, water 
content 12.3%). The fibres were fibrilized in a. blender, mixed with an 
equal amount of polyethylene pulp, and made into sheet. The sheet and 
poly (ethylene terephthalate) were layered and made into cigarette filter 
tips. The cigarette filter tips give more tars than a conventional one, and 
gave high organoleptic test scores. Ion-exchange fibres and their fabrics 
have been introduced and their main properties such as microsmic surface 
appearance, physical properties, absorption capacity, regeneration and 
dust holding properties have been studied comprehensively. Using non-
woven fabrics as purifying material, a new type harmful gas purifier has 
been developed. 
Fibrous ion-exchangers can be used for many hydro metallurgical 
processes and are accompanied by air pollution with volatile acid 
anhydrides and aerosols. The various properties of ion-exchangers 
give an idea for their use in air purification. Various publications [225-233] 
describe the sorption of SO2, CO2, NH3, HCI by ion-exchange resin The 
high sorptive capacity with positive effect of humidity is responsible for the 
development of new air purification technologies. These technologies are 
related or deal with large volume of purified air. Even smallest scale 
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processes require treatment of thousands of cubic meter of air per hour. It 
t 
means that flow rates in them must be high which need high sorption rates. 
Fibrous ion-exchange materials in the form of cloth or non-woven 
belt can be used for removal of impurities from gas flows. They contain 
filament with thickness below 50 microns. It has been shown that rate of 
sorption is one or two orders of magnitude higher than that of industrially 
produced resins of similar chemical structure [234]. The materials are 
elastic in nature to some degree and have outstanding osmotic stability 
[235]. The number of studies proves thy advantages of various 
applications of fibrous ion-exchangers in gaseous processes [236,237]. 
Fiban A-1 and Fiban AK-22 were tested for removal of acidic 
impurities such as CO2, H2S, SO2 and vapour and aerosols of inorganic 
and some carboxylic acids from air. Fiban K-l was tested for removal of 
ammonia from air [238,239]. Strong base ion-exchange fibre. (Fiban A-1) 
can be used for sorption of any acidic impurities but it is most rational to 
apply them only to sorption of weak acids or substances forming acids in 
humid media since regeneration in this case is easier than that for strong 
acids. Practically, important cases are H2S, CO2, HCN, CI2. Alkaline 
solutions are used for regeneration of anion exchanger. Weak acidic ion 
exchange fibres (lEF) like Fiban AK-22 can be used for sorbing strong 
acids. Alkaline impurities can be efficiently sorbed by carboxylic (Fiban K-
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4) or sulphonic (Fiban K-1) type of lEF. 
Fibrous ion-exchangers are used to prepare deodorizing cloth by 
weaving ion-exchanger grafted fibres with either natural or artificial fibres 
[240]. The cloth is used for manufacturing bedding and clothing. Polyester 
fibres were irradiated with 20Mrad. electron in nitrogen and soaked in a 
solution containing hydroxystyrene monomer and isoprene to give grafted 
polymers, which were aminoquaternized to form anionic fibres. Polyester 
fibers were irradiated with 20Mrad. electrons in nitrogen soaked in acrylate 
solution to give grafted polymers, which were treated with NaOH solution 
to give cationic fibres. Cloths were prepared using these fibres. 
Fibrous ion-exchangers are useful in metallurgical applications. They 
are used for recovery of gold in the presence of cyanide solutions from 
aqueous solutions by hydrogen reduction in thiosulfate solution. Kotze 
[241,242] synthesized fibrous ion-exchangers using propylene staple as 
cheap, stable and robust base. Styrene was copolymerized onto propylene 
fibres. Various anionic groups were fixed on this material to find' the most 
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effective ion-exchanger for the selective recovery of gold in the presence 
of other metal cyanide. Belfer [243] described the gold cyanide absorption 
by new fibrous ion-exchanger prepared by the amination of 
sulfochlorinated polyethylene. Deventer [244] deals with the competitive 
adsorption of organic compounds and gold cyanide onto ion-exchange 
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fibre and membrane. Loadings of organic compounds were measured on 
gold equilibrated adsorbents and compared to loadings on virigin 
adsorbents. Fibrous ion-exchangers were used for recovery of high purity 
zinc oxide from steel making dust [245]. These ion-exchangers are also 
used for recovery of non-ferrous metals [246] like Cu and Ni were removed 
from simulated and real mine water. 
Fibrous ion-exchangers are used for solidification of radioactive 
waste [247] manufacture of fabrics capable of removing ionic substances 
[248], removal of chromium trioxide [249] from waste gases, removal of 
[250] mercury from waste water with 84.2-100% efficiency. Removal of 
heavy metal ions from water [251] like Cu, Pd, Zn, Fe, Co, Ni, Ag, Cr and 
Mn. PAN-PEA and carbon fibres were used for their removal from waste 
water, removal of toxic gases [252], cleaning of environment [253] and 
removal of arsenic from chloride medium [254]. 
Fibrous ion-exchangers act as prospective sorbents for the 
separation of rare earths and aerosols [255-257]. They have high 
efficiency for separation of heavy metal ions from aqueous solutions 
[258,259]. Fiban AK-22 [260] for C u ' \ C6^\ Ni^ ^ and Co'^ was studied as 
a function of pH and showed that the ion-exchanger can be used for 
quantitative analysis of Cu, Ni and Co in mixture as well as for their 
preparative separations by selective elutions from chromatographic 
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column. Cu-Ni, Ni-Co, Cu Zn, Zn-Pd and Cu-Ni-Co mixtures were 
separated by elution with stepwise change of the pH. 
Fibrous ion-exchangers can be used in form filters. Filters are made 
up of ion-exchange fibres manufactured by radiation graft polymerization, 
for example polyolefins. Activated carbon is optionally used along with ion-
exchange fibres. The air filters are used for removal of hazardous gases, 
malodorous gases, or fine particles from air in automobiles, gas cleaning 
filter holders for accurate determination of gases. Chemical filters are 
prepared for ultrapurificatiqn of clean rooms [261], The non-woven filtering 
materials [262,263] are used for removal of harmful compounds like 
nitrites, nitrates, heavy metals, surfactants, herbicides, oils, free CI etc, 
from potable water. Non-woven fabric containing ion-exchange fibres for 
filtration of gas is studied [264], 
The filters [265] consist of ion-exchange fibers of chloromethyl 
styrene graft polymer quaternary ammonium compounds and 4-vinyl 
pyridine graft polymer quaternary ammonium compounds. The filters 
rapidly and certainly collected micro-organism floating in air and are 
suitable for use in air-conditioning systems. Filtering material comprise ion-
exchange sheets and electrically polarized synthetic fibre sheet with 
separator for air filters [266], 
In 1998, Clemente [267] described a process which dealt with the 
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transformation of residuals and excess of vegetable, herbaceous plants, 
quickly renewed vegetable in a fibrous material having high content of 
cellulose, and paper characteristics and directly suitable for the production 
of paper and board without using polluting and toxic chemical products. 
Ergozhin [268] synthesized fibrous ion-exchanger by treating poly 
acrylonitrile fibre waste with [1: 17] H2S04-Hydroxylamine sulphate mixture 
and simultaneous neutralization with Na2C03 or alkali during heating at 40-
50°C. Fibrous ion exchangers were prepared to obtain good sorption 
properties. In this method, carboxylated acrylic fibres were modified 
partially with epichlorohydrin polyethylene-polyamine adduct, PAE [269]. 
The ion-exchange capacity of PAE modified fibres with respect to HCI was 
-53% of the theoretical value. The capacity increased from 2.1 to 
3.6mmo/g with increasing modification temperature from 20-100°C and 
from 2.7-4.1 mmol/g with increasing COOH group content from 0.7 to 
2.5mmol/g. The good sorption properties were obtained when the fibres 
were dried at 20°C. 
Kinetic Characteristics of process of electrodialysis with different 
fibrous ion-exchangers in desalination chamber [270] are studied. Kinetics 
of preparation of biologically active fibres with anesthetic activity is 
described [271]. 
Zosina [272-274] prepared fibrous porous composites with good 
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sound proofing properties from polyvinyl alcohol binder and HCHO, in the 
presence of mineral catalyst, by filling 1-3mm polyacrylonitrile fibres waste 
from fur substitute manufactured non-woven needle-punched fabrics from 
recycled wool, polyamide fibres, acrylic ion-exchange fibres. 
Borell [275] prepared fibrous ion-exchangers by introducing basic 
groups, for example, tertiary-amine, tetra-hydropyrimidine, imidazoline, 
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quaternary ammonium groups onto cross-linked water insoluble, 
polyacrylonitrile fibres. This fibre had ion-exchange capacity of 6.3mm/g. 
Ivanova [276] prepared fibrous ion-exchangers based on polyacrylonitrile 
modified with sodium-alkylsiloxanes. 
Pushpa Bajaj synthesized acrylonitrile-acrylic acid copolymers 
[277,278] and acrylic fibres [279-284] having high tenacity, spinning, 
chemical and technical applications. Bajaj also studied the influence of 
spinning dope activities and spin bath temperatures on the structural and 
physical properties of acrylic fibres [285]. 
Zosina et al [286] studied the characteristics of modification of 
polyacrylonitrile fibres by metal alkyl silanolate complexes. They 
synthesized heat resistant ion-exchange fibres by base hydrolysis of as-
spun polyacrylonitrile fibres in the presence of Zn[AI-Zn, Fe(lll)-Zn, Zr, Sn 
(IV)]-Me Si [OH]20Na complexes. Most active complex was Fe (lll)-Zn and 
least active was Sn (IV) complex. Sorbents based on polyethylene 
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Polyamine [PEA] modified [PAN] polyacrylonitrile fibres [287] are used for 
concentrating IVIo, W, Va, Cr and As and for the extraction of these 
elements from natural and waste water. PAN-PAE sorbents are weakly 
basic anion exchangers in OH" and CI" forms. 
Ion-exchange fibres based on polyvinyl alcohol polyacrylonitrile 
containing COOH group [288] were used for absorption of insulin. 
Andreeva [289] studied the absorption of Mo®^W^^V^^Cr^^ & As^^ on a 
fibrous exchanger of polyacrylonitrile modified by polyethylene polyamine 
Cr^ * becomes strongly bonded to the exchanger. 
Volf [290] prepared the selective ion-exchange fibres from 
polyacrylonitrile and polyvinyl alcohol fibres for the sorption of precious 
metals by modification with hydroxylamine in the presence of polyethylene-
polymine or by bonding the fibres pyrazole and mercaptobenzothiazole. 
Yoshioka [291-297] first prepared a polystyrene based ion-exchange fibre 
by using an islands-in-a-sea type composite fibre. It possesses large ion-
exchange capacity and a high mechanical strength. It was found that the 
resulting fibre has two fundamental characteristics, ion-exchange rate for 
metal ion is very high and the capacity of adsorbing the macromolecule 
ionic substances is accordingly large compared with ordinary ion-exchange 
resins Polystyrene derivatives are used for water purification in nuclear 
plants. They act as effective solid acid catalyst. Fibres articles are shaped 
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like honey-comb. 
Like Fiban VION® fibrous ion-exchange materials are also studied. 
All the VION fibres are [298,299] acid resistant but undergo hydrolysis of 
nitrite groups to carboxylic groups in alkaline solutions. Na2C03 solutions 
are recommended for regeneration of ion-exchanging fibres. 
Water vapour sorption by carboxyl group containing chemisorptive 
fibre in different ionic forms of acrylic fibre Vion was studied. Preparation of 
Vion chemisorptive fibres in concentrated hydrazine hydrate solution was 
discussed [300]. 
VION® fibrous ion-exchanger materials can be used in the 
purification of gases from acidic and basic impurities. It has confirmed by 
Barash et al. [301,302]. They studied the effect of repeated generations on 
the properties of Vion AN-I ion exchange fibres for the removal of the 
harmful emissions, for example, HCI from gas- air and liquid media was 
studied. The ion exchange capacity [lEC] of fibre was not affected by 
regeneration in 0.1 N acid and alkali solutions but the ion- exchange 
capacity decreased to 92.1 and 78.8% by repeated generation in 5N 
H2SO4 and IN HNO3 respectively. The lEC of fibres increased when 
treated with 1.25 N NaOH at 90° due to the nitrile group hydrolysis. 
Polovikhina [303] studied the sorption of chloride, nitrate and 
sulphate anions under static and dynamic conditions for fibrous anion 
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exchanger- Vion AS-1 containing pyridine groups and Vion AS-2 
containing diphatic anion groups. The sorption process is dependent on 
size of anion of fibrous sorbents. 
The study of insoluble crystalline acid salts of tetravalent metals has 
facilitated the preparation of several new crystalline fibrous inorganic ion 
exchangers. The first fibrous acid, salt of tetravalent metal was cerium (IV) 
phosphate prepared by Alberti et al. [304-306]. A very interesting feature of 
fibrous cerium phosphate is that it results in a flexible sheet similar to 
cellulose paper [307]. Fibrous cerium (IV) phosphate shows at low loading, 
a maximum uptake of Cs(l) alkali metals and for Ba(ll) among the alkaline 
earths. On increasing the loading a reversal in selectivity is observed. 
Support free fibrous cerium (IV) phosphate sheets have already been used 
for chromatographic separation of inorganic ions and are found to be 
selective for certain cations such as Pb (II), Ag (I), Tl(l) and K(l). Later on 
fibrous thorium phosphate [308,309] titanium [310,311] and titanium 
arsenate were prepared or obtained. Fibrous inorganic ion exchangers are 
very interesting because they can be used in the preparation of inorganic 
ion exchange papers or thin layers suitable for chromatographic cation 
separations. The inorganic papers of thorium phosphate can be prepared 
easily and can be compared to those of cerium phosphate as regards in 
chromatographic separation where reducing agents are often used as 
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eluants or spot test reagents. They can also be utilized to prepare ion-
exchange membranes without a binder [312,313] with good electro-
chemical behaviour [314]. 
Varshney et al. synthesized some new fibrous ion-exchangers [315-
323] with promising ion-exchange behaviour supported by some important 
separations achieved practically. Further, because of the fibrous nature of 
these materials new technological possibilities have emerged as they can 
be used in different convenient forms for the abatement of environmental 
pollution. 
The insoluble acid salts of tetravalent metals have been employed to 
prepare inorganic ion-exchange membranes, which are interesting from 
both fundamental and practical point of view. Owing to their high selectivity 
and stability these membranes have applications as selective electrodes 
where organic membranes fail. They can be successfully employed in fuel 
cells at high temperatures or in concentrating the waste containing fission 
products. 
From the above literature, and number of publications we conclude 
that only a little work has been done on hybrid fibrous ion-exchangers in 
regard of their synthesis. The chemistry of processes involved has not 
been studied thoroughly. The problem in the synthesis of fibrous ion -
exchangers have been compromisingly high ion-exchange capacity and 
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mechanical properties i.e., tensile strength and elasticity. Increase in ion-
exchange capacity generally leads to a fall in their mechanical and tensile 
characteristics. 
Investigations have been made regarding the method of preparing 
fibrous ion-exchangers, which have large surface area per unit of weight 
and can be used in an arbitrary form [324-326]. The following 
indispensable conditions are kept in mind to prepare the ion- exchange 
fibres. 
1. The material should be insoluble within a wide range of 
pH. 
2. The ion-exchange capacity should be large enough to 
ensure practical operation. 
3. The mechanical strength should be sufficiently high. 
4. The ionic group and basic polymer should be chemically 
stable. 
The fibrous materials open new and novel possibilities in 
environmental analysis for the separation or removal of harmful ionic 
impurities from aqueous and gaseous media, it was thought worthwhile to 
investigate further the possibility of synthesizing fibrous material, which 
may be good ion-exchangers also. In view of this, efforts have been made 
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in our laboratories to obtain fibrous ion-exchangers iiaving inorganic 
matrices to mal<e tliem of greater use for the selective removal of ionic 
impurities at high temperature using strong radiations. 
The present study is concentrated in preparing the granules of 
fibrous ion-exchange materials suitable for column use or preparing their 
membranes useful for analytical separations. The following chapters 
summarize the synthesis, characterization and analytical applications of 
the following materials: 
1. Pectin based Cerium (IV) Phosphate (PcCeP). 
2. Pectin based Thorium (IV) Phosphate (PcThP). 
3. Pyridine based Cerium (IV) Phosphate (PyCeP). 
4. Pyridine based Thorium (IV) Phosphate (PyThP). 
5. Cellulose acetate based Thorium (IV) Phosphate (CAThP). 
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SYXTHESIS AND lOX EXCHAXGE 
STUDIES! OF 
PECTIX & PYRIDINE BASED CERIUM 
a V ) & THORIUM a V ) PHOSPHATES, 
AND 
CELLULOSE ACETATE RASED THORIUM 
<IV) PHOSPHATE 
AS HYRRID FIRROUS MATERIALS 
2.1 INTRODUCTION 
Materials containing both organic and inorganic parts in their 
structure are termed as organic-inorganic ion exchangers, generally 
known as hybrid ion exchangers. These materials have attained an 
important status in analytical chemistry in the recent past because of 
their improved ion exchange characteristics as compared to inorganic 
ion exchangers. They contain the polymeric species like 
polyacrylonitrile, polystyrene, polyacrylamide, pectin, cellulose acetate, 
n-butyl acetate etc. in their structure. These materials show the 
reproducible behaviour and enhanced ion exchange properties. Their 
utility has been demonstrated for the separation of various metal ions 
[1]. 
Some of these materials have also shown fibrous nature as 
confirmed by SEM studies. Fibrous ion exchangers open a new land of 
opportunities in industrial and environmental applications as they can be 
obtained in different convenient forms such as cloth, conveyor belts, 
nets etc., thus opening possibilities of using them industrially also. 
Alberti at al [2, 3] synthesized cerium (IV) and thorium (IV) 
phosphates as fibrous inorganic ion exchangers suitable for making 
support free inorganic sheets. His main emphasis was only on its 
chemical analysis, thermal stability and ion exchange properties with 
alkali metal ions without exploring its analytical potential. Since these 
materials suffer from poor mechanical strength, it was considered in 
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these laboratories, to incorporate some suitable monorners ftHte-ttTeir-
structure to overcome this shortcoming [4-9]. Thus, peaip ahd-pycisiiDe^ 
based cerium (IV) & thorium (IV) phosphates and cellulose^acetate 
based thorium (IV) phosphate have been prepared which show high 
selectivity for Hg (II) and Pb (II) ions. 
Mercury is the most toxic heavy metal. It enters the environment 
through various industries like paper and pulp industry, chlor-alkali 
plants, moulding processes, paints and pharmaceuticals. Pollution of Hg 
(II) in the environment is serious because it is capable of entering blood 
streams, the digestive systems or lungs. Vapours of Hg (II) are toxic 
and some mercury compounds are very volatile or insoluble and are 
major potential hazards for the human systems. Traces of mercury have 
been identified as deletehous to aquatic ecosystem and human health. 
Lead enters the environment through natural and anthropogenic 
sources. Naturally occurring lead is found in soil. The tremendous 
increase in the use of lead over few past decades has caused 
environmental concerns. It is an important pollutant, the main source of 
its poisoning being lead joints of cast iron pipes lead pipes used for 
connecting plumbing fixtures, washbasins, kitchen sinks, lead paints 
used for painting steel water storage tanks and lead compounds used 
as stabilizers in some plastic pipes. 
Our efforts have been to synthesize new fibrous hybrid materials 
and to explore their analytical applications with a view to use them in 
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environmental studies. We have synthesized pectin based cerium (IV) & 
thorium (IV) phosphates (PcCeP, PcThP), and pyridine based cerium 
(IV) & thorium (IV) phosphates (PyCeP, PyThP) and cellulose acetate 
based thorium (IV) phosphate (CAThP). Following pages summarize 
the synthesis & ion exchange studies of these new hybrid fibrous ion 
exchange materials. 
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2.2 EXPERIMENTAL 
2.2.1 REAGENTS AND CHEMICALS 
Ceric sulphate [Ce(S04)2.4H20], Thorium nitrate 
[Th(N03)4.5H20], pectin (Poly-D-galarturonic acid methyl ester), 
pyridine, cellulose acetate and acetone were obtained from CDH 
(India), while phosphoric acid {H3PO4) was a Qualigens (India) product. 
All other reagents and chemicals were of AnalaR grade. 
2.2.2 PREPARATION OF THE REAGENT SOLUTIONS 
Solutions of ceric sulphate and thorium nitrate were prepared in 
0.5M H2SO4 and 1M HNO3 respectively and those of orthophosphoric 
acid, pectin and pyridine were prepared in double distilled water. The 
solution of cellulose acetate was prepared in acetone. 
2.2.3 SYNTHESIS OF THE ION-EXCHANGE MATERIALS 
2.2.3.1 PECTIN BASED CERIUM (IV) PHOSPHATE (PcCeP) 
A number of samples of PcCeP were prepared by adding one 
volume of 0.05M Ce(S04)2.4H20 solution in two volumes of a (1:1) 
mixture of 6M H3PO4 and pectin (varying % age), drop wise with 
constant stirring using a magnetic stirrer, at a temperature of 70±5°C. 
The slurry obtained under these conditions was stirred for 4h at this 
temperature, filtered and then washed free of sulphate ions with 
demineralized water (pH~4). Finally, It was dried at room temperature, 
obtaining a fibrous shiny sheet (Fig.2.3), which was crushed into small 
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pieces and converted into H* form by treating witli IIVI HNO3 for 24li 
with occasional slial<ing and intermittently replacing the supernatant 
liquid with 1M HNO3. The material thus obtained was, then, washed with 
demineralized water to remove the excess acid before drying finally at 
45°C and sieving to obtain particles of 50-70 mesh size. Sample 
PcCeP-2 showed the maximum ion exchange capacity (Table 2.1) and 
was, therefore, selected for further studies. 
2.2.3.2 PECTIN BASED THORIUM (IV) PHOSPHATE (PcThP) 
A number of samples of PcThP were prepared by adding one 
volume of, 0.1 M Th(N03)4.5H20 solution in two volumes of a (1:1) 
mixture of 2M H3PO4 and pectin (varying % age), drop wise with 
constant stirring using a magnetic stirrer at a temperature of 90±5°C. 
The resulting slurry obtained under these conditions was stirred for 4h 
at this temperature, filtered and then washed free of sulphate ions with 
demineralized water (pH~4). Finally, it was dried at room temperature, 
obtaining a fibrous shiny sheet (Fig.2.4), which was crushed into small 
pieces and converted into H* form by treating with 1M HNO3 for 24h 
with occasional shaking and intermittently replacing the supernatant 
liquid with 1M HNO3. The material thus obtained was then washed with 
demineralized water to remove the excess acid before drying finally at 
45°C and sieving to obtain particles of 50-70 mesh size. Sample 
PcThP-2 showed the maximum ion exchange capacity (Table 2.2) and, 
therefore, was selected for further studies. 
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2.2.3.3 PYRIDINE BASED CERIUM (IV) PHOSPHATE (PyCeP) 
A number of samples of PyCeP were prepared by adding one 
volume of 0.1 M Ce(S04)2.4H20 solution in two volumes of a (1:1) 
mixture of 6M H3PO4 and pyridine (varying %age), drop wise, with 
constant stirring, at 70+5°C, using a magnetic stirrer. The slurry 
obtained under these conditions was further stirred for 4hr at this 
temperature, filtered and then washed free of sulphate ions with 
demineralized water (pH~7). Finally, it was dried at room temperature, 
obtaining a shiny fibrous sheet (Fig.2.5), which was crushed into small 
pieces and converted into H* form by treating with 1M HNO3 for 24h 
with occasional shaking and intermittently replacing the supernatant 
liquid with 1M HNO3. The material thus obtained was then washed with 
demineralized water to remove the excess acid before drying finally at 
45°C and sieved to obtain particles of 50-70 mesh size. The maximum 
ion exchange capacity was observed of the sample PyCeP-4 (Table 
2.3) which was, therefore, selected for further studies. 
2.2.3.4 PYRIDINE BASED THORIUM (IV) PHOSPHATE (PyThP) 
A number of samples of PyThP were prepared by adding one 
volume of 0.1 M Th(N03)4. 5H2O solution in two volumes of a (1:1) 
mixture of 2M H3PO4 and pyridine (varying %age), drop wise with 
constant stirring using a magnetic stirrer at a temperature of 90+5°C. 
The slurry obtained under these conditions was stirred for 4hr at this 
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temperature, filtered and then washed free of sulphate ions with 
demineralized water (pH~7). Finally, the slurry was dried at room 
temperature, obtaining a shiny fibrous sheet (Fig.2.6), which was 
crushed into small pieces and converted into H"" form by treating with 
1M HNO3 for 24h with occasional shaking and intermittently replacing 
the supernatant liquid with 1M HNO3. The material thus obtained was 
then washed with demineralized water to remove the excess acid 
before drying finally at 45°C and sieved to obtain particles of 50-70 
mesh size. The maximum ion exchange capacity was observed of the 
sample PyThP-6 (Table 2.4) which was, therefore, selected for further 
studies. 
2.2.3.5 CELLULOSE ACETATE BASED THORIUM (IV) PHOSPHATE 
(CAThP) 
A number of samples were prepared by adding one volume of 
0.1M Th(N03)4.5H20 solution in two volumes of (1:1) mixture of 2M 
H3PO4 and cellulose acetate (0-18%) drop wise with constant stirring 
using a magnetic stirrer at a temperature of 90±5°C. The resulting slurry 
was stirred for 4h at this temperature, filtered and washed with 
demineralized water (pH~6). On drying at room temperature the slurry 
was converted into a sheet (Fig.2.7) which was crushed into small 
pieces. It was treated with 1M HNO3 for 24 h to convert into the H* 
form, with occasional shaking and intermittently replacing the 
supernatant liquid with fresh acid. The material obtained was then 
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washed with demineralized water to remove the excess acid before 
drying finally at 45°C and sieving to obtain particles of 50-70 mesh size. 
Table 2.5 summarizes the various samples of the material obtained, 
with their ion exchange capacity. Since the sample CAThP-8 shows the 
maximum ion exchange capacity, it was selected for further studies. 
Figures- 2.1 & 2.2 are the photographs of cerium (IV) phosphate 
and thorium (IV) phosphate prepared by the Alberti's method, while 
Figures-2.3, 2.4, 2.5, 2.6 & 2.7 are the photographs of the materials 
prepared during these studies for the sake of comparison of their fibrous 
nature. 
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Fig. 2.1 Photograph of cerium (IV) phosphate, inorganic fibrous 
ion exchanger. 
Fig. 2.2 Photograph of thorium (IV) phosphate, inorganic fibrous 
ion exchanger. 
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Fig. 2.3 Photograph of pectin based cerium (IV) phosphate, hybrid 
fibrous ion exchanger. 
Fig. 2.4 Photograph of pectin based thorium (IV) phosphate, hybrid 
fibrous ion exchanger. 
Fig. 2.5 Photograph of pyridine based cerium (IV) phosphate, 
hybrid fibrous ion exchanger. 
Fig. 2.6 Photograph of pyridine based thorium (IV) phosphate, 
hybrid fibrous ion exchanger. 
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Fig. 2.7 Photograph of cellulose acetate based thorium (IV) 
phosphate, hybrid fibrous ion exchanger. 
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Table 2.1 Various samples of pectin based 
with their ion exchange capacity. 
cerium (IV) phosphate 
Sample Number % Pectin added Na*-ion exchange 
capacity(meq/dry g) 
PcCeP-1 0 1.40 
PcCeP-2 1 1.78 
PcCeP-3 2 0.60 
PcCeP-4 3 1.00 
PcCeP-5 5 1.20 
PcCeP-6 10 1.50 
PcCeP-7 11 1.01 
PcCeP-8 12 1.00 
Table 2.2 Various samples of pectin based thorium (IV) phosphate 
with their ion exchange capacity. 
Sample Number 
PcThP-1 
PcThP-2 
PcThP-3 
PcThP-4 
PcThP-5 
PcThP-6 
PcThP-7 
PcThP-8 
PcThP-9 
PcThP-10 
PcThP-11 
PcThP-12 
PcThP-13 
PcThP-14 
PcThP-15 
PcThP-16 
% Pectin added Na*-ion exchange 
capacity(meq/dry g) 
0 0.80 
1 0.85 
2 0.91 
3 1.08 
5 1.10 
7 1.53 
10 1.57 
11 1.60 
12 1.91 
13 1.96 
15 2.15 
17 1.75 
19 1.65 
20 1.60 
22 1.57 
24 1.50 
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Table 2.3: Various samples of pyridine based cerium (IV) phosphate 
with their ion exchange capacity. 
Sample % Pyridine Na*-ion exchange 
Number Added capacity (meq/dry g) 
PyCeP-1 0 1.4 
PyCeP-2 1 1.57 
PyCeP-3 3 1.85 
PyCeP-4 5 2.00 
PyCeP-5 7 1.92 
PyCeP-6 9 1.55 
PyCeP-7 11 1.50 
PyCeP-8 13 1.32 
Table 2.4: Various samples of pyridine based thorium (IV) 
phosphate with their ion exchange capacity. 
Sample % Pyridine Na*-ion exchange 
Number Added capacity(meq/dry g) 
PyTh P-1 0 0.80 
PyTh P-2 1 1.00 
PyTh P-3 3 1.33 
PyTh P-4 5 1.57 
PyTh P-5 7 1.93 
PyTh P-6 9 2.10 
PyTh P-7 11 1.55 
PyTh P-8 13 1.27 
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Table 2.5: Various samples of cellulose acetate based thorium (IV) 
phosphate with their ion exchange capacity. 
Sample Number % Cellulose acetate Na*-ion exchange 
added capacity(meq/dry g) 
CAThP-1 0 0.80 
CAThP-2 0.5 1.00 
CAThP-3 1.0 1.20 
CAThP-4 2.0 1.30 
CAThP-5 3.0 1.60 
CAThP-6 4.0 1.63 
CAThP-7 4.5 1.68 
CAThP-8 5.0 1.70 
CAThP-9 5.5 1.10 
CAThP-10 6.0 1.09 
CAThP-11 7.0 1.03 
CAThP-12 8.0 1.00 
CAThP-13 10.0 0.90 
CAThP-14 12.0 0.87 
CAThP-15 15.0 0.86 
CAThP-16 18.0 0.85 
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2.3 ION EXCHANGE STUDIES 
2.3.1 ION EXCHANGE CAPACITY 
Ion-exchange capacity, expressed as milli equivalents 
per gram or equivalents per kilogram is the measure of 
number of replaceable counter ions (H''-ions) per unit mass 
of the exchanger. In other words, it may be defined as the 
number of milli equivalents of counter ions in a specified 
amount of material. It depends on the experimental 
conditions, particularly pH and concentration of the solution. 
It also depends on the nature of the exchanging ions (size 
and charge). Smaller the size and higher the charge on the 
ions, greater is the ion-exchange capacity. 
The ion exchange capacity (i.e.c.) of the sample was determined 
as usual by the column process taking 1 g of the material (H Vorm) in a 
glass tube of internal diameter ~1 cm, fitted with a glass wool at its 
bottom. 250 mL of 1 M NaNOa was used as eluant, maintaining a very 
slow flow rate (~0.5 mL min'Y The effluent was titrated against a 
standard alkali solution to determine the total H*-ions released. The ion 
exchange capacity for Na"" ion and other metal ions were determined for 
all the materials prepared and the results are summarized in Tables 2.6, 
2.7 & 2.8. 
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Table 2.6: Ion exchange capacity of pectin based cerium (IV) and 
thorium (IV) phosphates for various metal Ions. 
Metal solution Ion-exchange capacity (meq/dry g) 
PcCeP PcThP 
LiCI 1.65 1.80 
NaNOa 1.78 2.15 
KCI 1.80 2.20 
Mg(N03)2 1.95 2.60 
Ca(N03)2 2.15 2.80 
Sr(N03)2 2.23 3.00 
BaCl2 2.50 3.10 
Table 2.7: Ion exchange capacity of pyridine based cerium (IV) and 
thorium (IV) phosphates for various metal Ions. 
Metal solution Ion-exchange capacity (meq/dry g) 
PyCeP PyThP 
LiCI 
NaNOs 
KCI 
Mg(N03)2 
Ca(N03)2 
Sr(N03)2 
BaCb 
1.63 
2.00 
2.15 
3.36 
3.77 
3.90 
4.15 
1.77 
2.10 
2.35 
3.47 
3.83 
4.19 
4.33 
Table 2.8: Ion exchange capacity of cellulose acetate based 
thorium (IV) phosphate for various metal ions. 
Metal so lu t ion Ion-exchange capacity (meq/dry g) 
LiCI 1.53 
NaN03 1.70 
KCI 1.93 
Mg(N03)2 2.10 
Ca(N03)2 
Sr(N03)2 
BaCl2 
2.74 
2.95 
3.16 
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2.3.2 EFFECT OF ELUANT CONCENTRATION ON THE ION 
EXCHANGE CAPACITY 
Since the extent of elution depends upon the concentration of the 
eluant, a fixed volume (250 mL) of the NaNOa solution of varying 
concentrations was passed through the column containing 1 gm of the 
exchanger and the effluent was titrated against a standard alkali 
solution for the H''-ions eluted out. Tables 2.9, 2.10, 2.11 summarize the 
results. 
2.3.3 ELUTION BEHAVIOUR 
The column containing 1 gm of material in H"" form was eluted 
with 1M NaNOa solution in different 10 mL fractions with a standard flow 
rate of 0.5 mUmin and 10 mL fractions of the effluent were collected. 
They were titrated for the H*-ions released against a standard NaOH 
solution. This experiment was conducted to find out the minimum 
volume necessary for a complete elution of H*-ions, which reflect the 
efficiency of the column. The results are almost the same for all other 
materials as shown in Fig. 2.8 and 2.9 for PcCeP and PcThP 
respectively. 
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Table 2.9 Concentration behaviour of pectin based cerium (IV) and 
thorium (IV) phosphates. 
Concentration of 
NaN03 (M) 
Ion-exchange ( capacity (meq/dry g) 
PcCeP PcThP 
0.2 0.61 0.85 
0.4 0.80 1.25 
0.6 1.21 1.50 
0.8 1.52 1.80 
1.0 1.78 2.15 
1.2 1.70 2.13 
Table 2.10 Concentration behaviour of pyridine based cerium (IV) 
and thorium (IV) phosphates. 
Concentration of 
NaNOs (M) 
Ion-exchange < :apacity (meq/dry g) 
PyCeP PyThP 
0.2 0.75 1.00 
0.4 1.00 1.20 
0.6 1.25 1.40 
0.8 1.50 1.75 
1.0 2.00 2.10 
1.2 2.00 2.10 
Table 2.11 Concentration behaviour of cellulose acetate based 
thorium (IV) phosphate 
Concentration of NaNOs (M) Ion exchange capacity 
(meq/dry g) 
0.2 0.75 
0.4 1.03 
0.6 1.21 
0.8 1.25 
1.0 1.70 
1.2 1.70 
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Fig. 2.9 Histogram showing the elution behaviour of pectin 
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2.3.4 RECYCLING STUDIES 
1 gm of the material was loaded on a column of internal diameter 
~1cm, fitted with the glass wool at its bottom. The ion-exchange 
capacity was determined by column process [2], using 1M NaNOs as 
eluant. The conversion of material in H"^  form was done by passing 250 
mL of 1M HNO3, maintaining a very slow flow rate of ~0.5 mL/min, 
followed by washing the excess of acid with demineralized water 
(pH~7). Table 2.12 shows the result of this study on PcCeP and PcThP. 
Almost the same trend was observed for all the other materials under 
investigation. 
2.3.5 pH TITRATIONS 
pH titrations were performed by the Topp and Pepper's method 
[10] using an Elico pH meter, model LI-10 pH meter. Various 500 mg 
portions of the exchanger in the HVorm were placed in each of the 
several 250 mL conical flasks followed by the equimolar solutions of 
alkali metal chlorides and their hydroxides in different volume ratios, the 
final volume being 50 mL to maintain the ionic strength constant. The 
pH of the solution was recorded after equilibrium and was plotted 
against the milli equivalent of the OH- ions added. Fig.2.10, 2.11, 2.12, 
2.13 & 2.14 show the results of this study on all the materials. 
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Fig.2.10 Equilibrium pH titration curves of pectin based cerium 
(IV) phosphate. 
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Fig.2.11 Equilibrium pH titration curves of pectin based thorium 
(IV) phosphate. 
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Equilibrium pH titration Curve of PyCeP 
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Fig.2.12 Equilibrium pH titration curves of pyridine based cerium 
(IV) phosphate. 
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2.3.6 THERMAL STABILITY 
One gram each of the samples was heated at various 
temperatures for 1h each in a muffle furnace, and their ion exchange 
capacity was determined by the column process after cooling them to 
room temperature. Tables 2.13, 2.14 & 2.15 summarize the results of 
this study on all the materials. 
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Table 2.15 Thermal stability of cellulose acetate based thorium (IV) 
phosphate after heating to various temperatures for 1h. 
S.No. Drying Temp Na*-i.e.c. 
(meq/dry 
g) 
Change in 
colour 
% Retention of 
i.e.c. 
1 45 1.70 White 100 
2 100 1.59 White 93.5 
3 200 1.27 Creamish 74.7 
4 400 0.75 Dirty white 44.1 
5 600 0.22 Dirty white 12.9 
6 800 0 Dirty white 0 
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2.4 RESULTS AND DISCUSSION 
The most important feature of the materials prepared in these 
studies has been their exceedingly high ion exchange capacity for Na* 
ions. The ion exchange capacity for PcCeP, PcThP, PyCeP, PyThP and 
CAThP were found to be 1.78, 2.15, 2.00, 2.10 and 1.70 meq/dry g 
respectively which is much higher than the ion exchange capacity 
(i.e.c.) generally shown by the inorganic ion exchangers reported so far 
in our laboratories [11-13]. The i.e.c. of alkali metals and alkaline earths 
(Table 2.6, 2.7 & 2.8) on PcCeP, PcThP, PyCeP, PyThP and CAThP 
show the following trends: Li^ <Na*<K* and Mg^^<Ca^*<Sr^*<Ba^^ It is in 
the same order as the decreasing trend in the hydrated ionic radii of 
these metal ions. 
On comparing the Figs. 2.3, 2.4, 2.5, 2.6 & 2.7 (materials under 
investigation) with that of Figs. 2.1 & 2.2 (materials prepared by Alberti's 
method) it is clear that the prepared material are obtained in the form of 
the sheet like filter paper and are fibrous in nature. 
A study of the elution behaviour reveals that the exchange is fast 
on ail the materials. Almost all the H* ions are eluted out in the first 150, 
150, 120, 110, 110 mL of the effluent from a column of 1.0 gm of PcCeP 
(Fig. 2.8), PcThP (Fig. 2.9), PyCeP, PyThP & CAThP respectively. The 
optimum concentration for the eluant was found to be 1M (Table 2.9, 
2.10, 2.11) for a complete removal of H* ions from the columns of all 
materials 
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In recycling studies, ion-exchange columns containing these 
materials were regenerated repeatedly for many times to study the 
retention behaviour of their i.e.c. on recycling. Table 2.12 shows that the 
retention value decreases slowly with increase in the number of 
recycles. PcCeP retains about 11% and PcThP retains about 3% of 
their i.e.c. up to 7 recycles. Almost similar trend is observed for the 
other materials. 
The pH titration curves of PcCeP (Fig.2.10), PcThP (Fig.2.11), 
PyCeP (Fig. 2.12), PyThP (Fig. 2.13) & CAThP (Fig. 2.14) obtained 
under equilibrium conditions for LiOH/LiCI, NaOH/NaCI and KOH/KCI 
systems indicate a mono functional exchange process for all the 
materials. The materials release H* ions easily with the addition of metal 
salt solutions, showing a strong cation exchange behaviour. At low 
metal hydroxide concentration, the ion exchange for Li"" ions is lower 
than Na"" and K* ions as is evident from the initial pH at a lower 
hydroxide concentration. Also, the exchange rate slows down for the 
H*-Li* exchange than for the H*-Na* and H^-K* exchanges. The H*-Li* 
exchange process is completed at higher OH" concentration. This may 
be due to a larger hydrated radius of Li" ion than those of Na* and K* 
ions, thus accounting for a lower ion exchange capacity for Li* ion in the 
column process (dynamic condition) where the equilibrium is not fully 
established. The end point in the titration is not quite sharp which may 
be due to some alkaline hydrolysis of the ion exchanger. In general a 
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higher ion exchange capacity was observed for all the three metal ions 
in the batch process as compared to the column process, as shown by 
the potentiometric curves, which may be due to the fact that the 
presence of alkali hydroxides facilitates the ion exchange by the 
removal of H" ions from the external solution in accordance with the Le 
Chatelier's principle. 
Thermal studies of these materials indicate certain very 
interesting results. Both of the pectin based materials (Table 2.13) are 
highly stable on heating as they retain about 97% of their i.e. c. on 
heating upto 100°C and about 81% on heating upto 200°C. On heating 
upto 400°C however they show a marked difference in the retention 
capability of their i.e.c. PcCeP showing retention of 74% while PcThP 
showing retention of 64%. Even on heating upto 600°C these materials 
show an appreciable i.e.c, PcCeP retaining about 64% and PcThP 
about 33%. PcCeP retains it i.e.c. upto 28% even on heating upto 
800°C however the i.e.c. of PcThP sharply decreases on heating upto 
this temperature, showing only 6% retention. This is a unique behaviour 
of these materials as compared to the other ones of this class studied 
earlier. AACeP [7] loses its i.e.c. about 60% at 200°C and 95% at 
400°C, while AAThP [9] loses its i.e.c. almost totally beyond 
200°C.Thermal studies on both the pyridine based materials (PyCeP & 
PyThP)(Table 2.14) indicate that on heating upto 100°C, they show a 
retention of 81.5% & 69% of their i.e.c. respectively. Even heating upto 
!07 
400°C, materials show an appreciable i.e.c. of about 37% & 21% 
respectively, indicating that the materials have an appreciable thermal 
stability. The thermal studies on CAThP (Table 2.15) indicate that the 
hybrid material is very stable retaining an ion exchange capacity of 
-93% on heating upto 100°C. On heating further upto 200°C it shows 
the retention of -75%. Even on heating upto 400°C about 44% of the 
ion exchange capacity is retained. However, when the material is 
heated upto 600°C it shows the sharp decrease in its ion exchange 
capacity retaining only ~13%. 
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PHYiSICO-CHEMICAL ;§;TIJDIEi§; OF 
PECTIN & PYRIDINE BASED CERIUM 
aV) & THORIUM (IV) PHO$;PHATE§;, 
AND 
CELLULOSE ACETATE BASED THORIUM 
av> PHOSPHATE 
AS HYRRID 
FIBROUS ION EXCHANGE MATERIALS 
3.1 INTRODUCTION 
Analytical techniques are useful for providing information on the 
composition of substances. They are classified as non instrumental and 
instrumental. The classification is largely historical with classical 
methods, sometimes called "wet chemical methods", preceding 
instrumental methods. Some of the classical methods include 
precipitation, extraction, distillation, titrimetry etc. These classical 
methods are still in use in many laboratories for separating and 
determining analytes. The extent of their general application, is, 
however, decreasing with the passage of time and with the advent of 
instrumental methods to supplant them. The characteristic properties of 
the substances and the instrumental methods used for their 
determination are summarized in Table 3.1. 
The use of instrumentation is an exciting and fascinating part of 
chemical analysis that interacts with all the areas of chemistry and with 
many other fields of pure and applied sciences. Analytical 
instrumentation plays an important role in the production and evaluation 
of new products. 
Characterization of a material by various techniques gives us an 
idea about the property of the compounds. This, in turn, gives us an 
insight about probable applications that could be explored by using 
these materials. 
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Table 3.1 Chemical and physical properties employed in 
instrumental methods. 
Characteristic 
Properties 
Instrumental Methods 
Absorption of radiation Spectrophotometry and Photometry (X-
Ray, UV, visible, IR); Photoacoustic 
spectroscopy; NMR and ESR 
spectroscopy 
Emission of radiation Emission spectroscopy (X-Ray, UV, 
visible, electrons, Auger); 
Fluorescence, Phosphorescence and 
Luminescence (X-Ray, UV & visible ) 
Scanning of radiation Turbidimetry, Nephelometry, Raman 
spectroscopy 
Refraction of radiation Refractometry, Interferometry 
Diffraction of radiation X-ray and Electron diffraction methods 
Rotation of radiation Polarimetry; Optical rotary dispersion; 
Circular dichroism 
Electrical potential Potentiometry; Chronopotentiometry 
Electrical charge Coulometry 
Electrical current Amperometry; Polarography 
Electrical resistance Conductometry 
Mass Gravimetry (Quartz crystal 
microbalance) 
Mass to charge ratio Mass spectrometry 
Rate of reaction Kinetic methods 
Thermal characteristics Thermal gravimetry and Titrimetry; 
DSC; DTA, Thermal Conductometric 
methods 
Radioactivity Activation and Isotope dilution methods 
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Thermal analysis is a group of techniques in which a physical 
property of a substance and/or its reaction products is measured as a 
function of temperature, whilst the substance is subjected to a 
controlled temperature program. Thermal methods spread use for both 
quality control and research applications on industrial products such as 
polymers, pharmaceuticals, clays and minerals, metals and alloys. 
There are three major methods that use temperature changes as the 
independent variable. These are Thermogarvimetric analysis (TGA), 
Differential thermal analysis (DTA) and Differential Scanning 
Calorimetry (DSC). 
When a substance is subjected to a programmed heating or 
cooling, it normally undergoes changes, which may be physical, 
chemical, mechanical, or magnetic in nature. The analysis of these 
changes is recorded as a function of temperature that permits the study 
of composition, structure and physical or chemical behaviour. 
Thermogravimetry (TG) is thus a measure of quantitative changes in 
mass occurring in a substance as it undergoes a controlled program of 
heating and cooling as a function of temperature or time or those 
maintained isothermally. Thus, the knowledge of the thermal behaviour 
of a material is of basic importance for understanding its ability for high 
temperature applications. 
Differential thermal analysis (DTA) finds wide use in determining the 
thermal behaviour and composition of naturally occurring and 
12 
manufactured products. DTA is the monitoring of the difference in 
temperature between a sample and a reference compound as a 
function of temperature.'These data can be used to study heat kinetics, 
phase transitions, thermal stability, sample composition and purity, 
critical points and phase diagrams. DTA is a powerful and widely used 
tool for characterizing polymers. 
The measurement of differential power /heat input, necessary to 
keep a sample and a reference substance isothermal, with the change 
in temperature is the basis of differential scanning calorimetry (DSC). It 
provides more precise values for the heat of reaction and involves finite 
change in heat capacity as a function of temperature. It is more 
sensitive to heat capacity changes. The curve obtained is the recording 
of heat flow dH/dt, in meal/sec as a function of temperature. The area 
enclosed in the peak is proportional to the enthalpy change. The 
technique is used to follow the phase changes occurring in the material 
as a function of heat treatment. 
Infra red spectroscopy (IR) is one of the most common 
spectroscopic techniques used by organic and inorganic chemists. It is, 
simply the absorption measurement of different IR frequencies by a 
sample positioned in the path of an IR beam. The main goal of IR 
spectroscopic analysis is to determine the chemical functional groups in 
the sample. Different functional groups absorb characteristic 
frequencies of IR radiation. Using various sampling accessories, IR 
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spectrometers can accept a wide range of sample types such as gases, 
liquids, and solids. Thus, IR spectroscopy is an important and popular 
tool for structural elucidation and compound identification. 
X-ray diffraction is a technique for examining solids for knowing 
whether they are crystalline or not, and elucidating their crystal 
structures if they are found crystalline. 
In many fields of chemistry, material science, geology and 
biology, a detailed knowledge of the physical nature of solid surfaces is 
of great importance. The surface information at a considerably higher 
resolution is obtained by three techniques, like scanning electron 
microscopy (SEM), scanning tunneling microscopy (STM) and atomic 
force microscopy (AFM). The latter two methods are collectively called 
scanning probe microscopy (SPM). 
In Chapter 2 the synthesis and ion exchange characterization of 
the various materials prepared in these studies such as pectin based 
cerium (IV) (PcCeP) & thorium (IV) phosphates (PcThP), pyridine based 
cerium (IV) (PyCeP) & thorium (IV) phosphates (PyThP) and cellulose acetate 
based thorium (IV) phosphate (CAThP) have been summarized. Following 
pages summarize the physicochemical characterization of these 
materials. 
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3.2 EXPERIMENTAL 
3.2.1 THERMAL STUDIES 
Thermal studies were performed on Perkin Elmer (Pyric Diamond 
model) and Universal V1.9 D.T.A. instrument. Figures 3.1, 3.2, 3.3 & 3.4 
show the TG/DTA/DTG curves of PcCeP, PcThP, PyCeP & PylhP 
respectively. 
Figures 3.5 and 3.6 show the TG/DTA/DTG curves of cellulose 
acetate and thorium phosphate (CAThP-1) respectively, whereas 
figures 3.7, 3.8, 3.9 and 3.10 show the TG/DTA/DTG curves of hybrid 
materials CAThP-3, CAThP-5, CAThP-8 and CAThP-12 respectively. 
The comparative TG and DTA curves of all four samples (CAThP-3, 
CAThP-5, CAThP-8 and CAThP-12) including cellulose acetate and 
thorium phosphate (CAThP-1) are shown in Fig. 3.11 and 3.12 
respectively. Figures 3.13, 3.14 and 3.15 show the comparative TG, 
DTG and DTA curves respectively, for all the hybrid samples (CAThP-3, 
CAThP-5, CAThP-8 and CAThP-12) including thorium phosphate 
(CAThP-1). 
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samples (CAThP-1, CAThP-3, CAThP-5, CAThP-8, CAThP-12) 
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3.2.2 INFRA RED STUDIES 
The IR studies of the samples of the various ion exchange 
materials mentioned in the earlier chapter have been carried out by the 
KBr disc method using a Perkin Elmer FTIR spectrometer RX-I. The 
results are summarized in Figures 3.16-3.20 and Tables 3.2-3.4. 
124 
5 80 
•f 55-; 
i 50 »— 
' 46 
2500 2000 
Wav«numb«rB <cnv'1) 
Fig. 3.16 Infrared spectrum of pectin based cerium (IV) phosphate. 
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Fig. 3.17 Infrared spectrum of pectin based cerium (IV) phosphate. 
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Fig. 3.18 Infrared spectrum of pyridine based cerium (IV) 
phosphate. 
Fig. 3.19 Infrared spectrum of pyridine based thorium (IV) 
phosphate. 
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Fig. 3.20 Infrared spectrum of cellulose acetate based thorium (IV) 
phosphate. 
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Table 3.2 Infra red spectrum absorption bands of pectin based 
cerium (IV) and thorium (IV) phosphates. 
Absorption bands Wavelengths (cm'^) 
PcCeP PcThP 
Metal-Oxide & Metal- 619.8 627.73 & 671.59 
Hydroxides 
Phosphate groups 417.00, 500.87 & 
1057.66 
526.52 & 1074.84 
Water of 1633.43 & 3407.31 3353.21 
crystallization 
Pectin (C-H 2355.80 1367.23, 1430.70 & 
stretching of carbon) 2933.97 
Pectin (C=0 1737.61 1235.36 &1746.14 
stretching of ester) 
Pectin (C-0 - 1017.47 & 1235.36 
stretching of alcohol) 
Table 3.3 Infra red spectrum absorption bands of pyridine based 
cerium (IV) and thorium (IV) phosphates. 
Absorption bands Wavelengths (cm'^) 
PyCeP PyThP 
Metal-Oxide & Metal- 618.0, 771.0 & 669.5 625.6 & 771.7 
Hydroxides 
Phosphate groups 536.0 & 1098.4 510.2 & 1072.1 
Water of 1598.5 & 1630.9 1631.2 and 3452.3 
crystallization 
Pyridine (C-N 1354.2 1383.7 
stretching) 
Pyridine (C=N 1478.6 & 1528.5 1528.7 
stretching) 
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Table 3.4 Infra red spectrum absorption bands of cellulose acetate 
based thorium (IV) phosphate. 
Absorption bands Wavelengths (cm" )^ 
Metal-Oxide & Metal-Hydroxides 
Phosphate groups 
Water of crystallization 
Cellulose acetate (C-H stretching 
of carbon) 
Cellulose acetate (C=0 stretching 
of ester) 
Cellulose acetate (C-0 
stretching in alcohols) 
622.2 & 669.4 
1071.2 
1595.8, 1630.8, 3433.8, 3656.9, 
3694.7 & 3779.6 
2364.2 
1722.6, 1758.2, 1812.4 and 1854.1 
1353.2 
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3.2.3 X-RAY DIFFRACTION STUDIES 
The X-ray diffraction patterns, sliown in Figures 3.21-3.25, of tlie 
materials under study revealed that they are poorly crystalline in 
nature. The d-values are shown in the respective X-ray spectrum. 
These studies were made on a Bruker Analytical X-ray diffractometer 
(model D8 advance). 
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Fig. 3.21 X-ray diffraction pattern of pectin based cerium (IV) 
phosphate. 
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Fig. 3.22 X-ray diffraction pattern of pectin based thorium (IV) 
phosphate. 
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Fig. 3.23 X-ray diffraction pattern of pyridine based cerium (IV) 
phosphate. 
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Fig. 3.24 X-ray diffraction pattern of pyridine based thorium (IV) 
phosphate. 
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Fig. 3.25 X-ray diffraction pattern of cellulose acetate based 
thorium (IV) phosphate. 
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3.2.4 SCANNING ELECTRON MICROSCOPY (SEM) 
In the present studies the surface characterization was made by 
SEM using a LEO 435 VP scanning electron microscope. Figures 3.26 
& 3.27 are the SEM photographs of the parent material cerium (IV) 
phosphate, while figures 3.28 & 3.29 are those of the parent material 
thorium (IV) phosphate, at 2000x and 5000x magnifications 
respectively. Figures 3.30 & 3.31; and 3.32 & 3.33 are the SEM 
photographs of the organic binders pectin and cellulose acetate 
respectively at different magnifications. SEM photographs of pectin 
based cerium (IV) and thorium (IV) phosphates are shown in figures 
3.34-3.37, while those of pyridine based cerium (IV) and thorium (IV) 
phosphates are shown in figures 3.38-3.41 at different magnifications. 
The SEM photographs of cellulose acetate thorium (IV) phosphate, at 
different magnifications, are shown in figures 3.42 & 3.43. 
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Fig.3.26 Electron micrograph of cerium (iV) phosphate at 2000x 
magnification. 
Fig.3.27 Electron micrograph of cerium (IV) phosphate at 5000x 
magnification. 
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F1g.3.28 Electron micrograph of thorium (IV) phosphate at 2000x 
magnification. 
Fig.3.29 Electron micrograph of thorium (IV) phosphate at 5000x 
magnification. 
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Fig.3.30 Electron micrograph of pectin at 100x magnification. 
Fig.3.31 Electron micrograph of pectin at 200x magnification. 
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F1g.3.32 Electron micrograph of cellulose acetate at 100x 
magnification. 
Fig.3.33 Electron micrograph of cellulose acetate at 200x 
magnification. 
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Fig.3.34 Electron micrograph of pectin based cerium (IV) phosphate 
at 500x magnification. 
Fig.3.35 Electron micrograph of pectin based cerium (IV) phosphate 
at 1000x magnification. 
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Fig.3.36 Electron micrograph of pectin based thorium (IV) 
phosphate at 1000x magnification. 
Fig.3.37 Electron micrograph of pectin based thorium (IV) 
phosphate at 2000x magnification. 
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Fig.3.38 Electron micrograph of pyridine based cerium (IV) 
phosphate at 1000x magnification. 
Fig.3.39 Electron micrograph of pyridine based cerium (IV) 
phosphate at ZOOOx magnification. 
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Fig.3.40 Electron micrograph of pyridine based thorium (IV) 
phosphate at 1000x magnification. 
Fig.3.41 Electron micrograph of pyridine based thorium (IV) 
phosphate at 2000x magnification. 
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Fig.3.42 Electron micrograph of cellulose acetate based thorium 
(IV) phosphate at 1000x magnification. 
Fig.3.43 Electron micrograph of cellulose acetate based thorium 
(IV) phosphate at 2000x magnification. 
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3.3 RESULTS AND DISCUSSION 
The thermograms, (Figs. 3.1 and 3.2) show 9.04% weight loss up 
to 15rC in PoCeP and 13.2% weight loss up to 177°C in PcThP, which 
may be due to the removal of external water molecules from the 
exchanger. Beyond I S I X the condensation of PcCeP must have 
started, resulting in the dehydration due to the removal of strongly 
coordinated water molecules and CeO2at450°C [1], from the framework 
of the exchanger. In PcThP, the condensation starts at 177°C and goes 
up to ~415°C as indicated in the curve. At 56rC, Th02 horizontal starts 
[2], indicating the formation of pyrophosphate. 
I 
Figures 3.3 and 3.4 are the thermograms of PyCeP and PyThP 
respectively. Weight loss of 9.8% in PyCeP and 10.5% in PyThP at 
102°C and 130°C respectively, may be due to the removal of external 
water molecules from the exchanger. On further heating a weight loss 
up to around 260°C in PyCeP and 400°C in PyThP, correspond to the 
removal of strongly coordinated water molecules along with the 
elimination of organic part from the framework of the material. Beyond 
this temperature condensation might have also started which may 
continues up to 400°C, where the weight becomes almost constant. It 
also involves the formation of Ce02 at 450°C in PyCeP. Finally a mass 
loss between 600 and 800°C, represents a kinetic nonstability of the 
decomposition products in PyCeP.The retained water molecules are 
slowly eliminated up to 456°C at which the production of Th02 starts in 
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PyThP. Beyond 456°C the horizontal portion of the curve indicates the 
formation of pyrophosphate phase in PyThP. 
Figures 3.5 and 3.6 show the thermogranris of the parent 
materials, cellulose acetate and thorium phosphate (CAThP-1) 
respectively, while the thermograms shown in figures 3.7-3.10 
correspond to the hybrid material prepared by adding 1%, 3%, 5%, and 
8% cellulose acetate to thorium phosphate. These thermograms 
suggest that the decomposition starts at the very beginning of heating in 
all samples. The visualization of differences during the thermal 
decomposition of the samples and comparison of shifts of individual 
decomposition steps can be followed on two series of overlayed 
diagrams (I: whole series including cellulose acetate (CA) - TG, DTA 
curves (Figs. 3.11 & 3.12); II.: CAThP-1. CAThP-3, CAThP-5, CAThP-8 
and CAThP-12 - TG, DTG, DTA curves (Figs. 3.13, 3.14 & 3.15). It is 
also clear that cellulose acetate (CA) is exceptionally unstable as on 
heating up to SOCC the sample fully decomposes; the percentages of 
mass losses and DTA effects in individual steps are evaluated in the 
Fig.3.5. Further it is observed that the samples CAThP-1, CAThP-3, 
CAThP-5, CAThP-8 & CAThP-12 are qualitatively similar in a way of 
decomposition steps (three steps, cf, TG, DTG curves (Figs. 3.13 & 
3.14)); also in a DTA effects (Fig. 3.15). The quantitative differences of 
mass losses of individual decomposition steps in individual samples are 
summarized in the following Table 3.5 
145 
Table 3.5: Mass losses (%) in individual steps of thermal 
decomposition of cellulose acetate based thorium (IV) phosphate. 
Sample No. (Step II Step III Step 
CAThP-1 8.2 4.8 2.8 
CAThP-3 8.6 7.8 2.6 
CAThP-5 8.4 13.1 3.5 
CAThP-8 6.5 24.1 12.4 
CAThP-12 6.7 28.0 15.5 
step I may be due to the removal of external water molecules, 
while step II indicates the condensation along with the removal of 
organic part (cellulose acetate) from the framework of the exchanger. A 
further decomposition is revealed by step III resulting in to ThOa and 
ThP207. These data suggest the uniform behaviour i.e. a decreased 
amount of volatile component in the order of 
CAThP-12 > CAThP-8 > CAThP-5 > CAThP-3 > CAThP-1, 
obviously according to the synthesis plan (Table 2.5). 
On the basis of DTA curves following points are noted: 
i. Exo effects on the cellulose acetate appears at 345, 378 & 
518°C. 
ii. The evaluation of the shifts of relevant exo effects in a series of 
composite materials (CAThP-3, CAThP-5, CAThP-8 and CAThP-
12) indicates that the exo effects in composites are generally 
shifted towards a higher temperature, pointing to a sign of 
bonding. Further, the shifts are not sufficiently pronounced in a 
sample with low concentration of cellulose acetate (CAThP-3 and 
CAThP-5). Again the shifts and bonding are well developed in 
samples containing higher amounts of cellulose acetate (CAThP-
8 and CAThP-12). On comparing these studies with those made 
by Alberti [3] on thorium phosphate, it is found that the 
temperature of decomposition of the composites is nearly 100°C 
higher as reported by Alberti (Fig. 3.6). It confirms the bonding 
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effect of cellulose acetate In the composites. 
Assuming the basic structure of thorium phosphate as proposed by 
Alberti and applying the Alberti formula for the evaluation of the external 
water molecule in our material, a tentative formula can be suggested as 
follows: 
ThO2.P2O5.2H2O.0.5X 
Where X stands for the cellulose acetate monomer unit. 
The evaluation of the cellulose acetate part in our material is 
based on the elemental analysis (carbon content 8.96%). The TGA data 
on the mass losses of the composites during heating were compared 
with one another and it is found that the ratio of phosphate to cellulose 
acetate is shifted towards much higher concentration of cellulose 
acetate in the composites (~20-40%) against the original mixing amount 
(3-8%). This discrepancy may be explained on the basis of the fact that 
a polymerization process has occurred in the material. In the reaction 
mixture containing 1% cellulose acetate the composition of the material 
was found to be close to the pure thorium phosphate. 
The IR studies show the presence of external water molecules in 
addition to the metal-oxygen and metal-OH stretching bands in the 
material. The IR spectra of the materials (Figs. 3.16-3.20) confirm the 
presence of various absorption bands at their corresponding 
wavelengths [4,5]. They are summarized in Table 3.2, 3.3 and 3.4. 
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The X-ray diffraction patterns of PcCeP, PcTliP, PyCeP, PyThP & 
CAThP (Figures 3.21-3.25) show weak and noisy peaks indicating the 
poorly crystalline behaviour of the material. Table summarizes the X-
ray diffraction data of PcCeP, PcThP, PyCeP, PyThP and CAThP 
respectively. 
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DliSTRIBUTIOI^ BEHAVIOUR 
AND 
ANALYTICAL APPLICATIONS OF 
PECTIN & PYRIDINE BASED CERIIIiH 
<IV) & THORIUM <IV) PHOSPHATES, 
AND 
CELLULOSE ACETATE BASED THORIUM 
<IY) PHOSPHATE ION EXCHANGE 
MATERIALS 
4.1 INTRODUCTION 
The measure of the distribution behaviour is the distribution coefficient 
(Kd) which is a fractional uptake of metal ions competing for H*-ions 
from a solution by an ion-exchange material [1]. It is an important factor 
for determining the analytical potential of an ion-exchanger. Kd values 
depend on the basic properties of the exchanger. It is useful to obtain a 
correlation of the basic properties such as ion exchange capacity, ionic 
radius, atomic number and ionic charge with the Kd values. 
The Kd values are calculated from the following formula: 
^^ l - F V , , .1, 
Where, I and F are the initial and final amounts of the metal ions in the 
solution phase, V are the total volume of the solution (mL) and M is the 
amount (g) of the exchanger. 
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4.2 DISTRIBUTION BEHAVIOUR 
200 mg of the exchanger in the HVorm were equilibrated with 20 
mL solutions of different metal ions in different media. The initial metal 
ion concentration was so adjusted that it did not exceed 3% of the total 
ion exchange capacity. The metal ions in the solutions before and after 
equilibrium were determined by the EDTA titrations [2] and the 
distribution coefficients, K^ , were calculated by above formula. Tables 
4.1-4.5 shows the Kd values of metal ions on PcCeP, PcThP, PyCeP, 
PyThP and CAThP respectively, in DMW, perchloric acid and 
hydrochloric acid media. 
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Table 4.1 Kd values of metal ions on pectin based cerium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 
Mg(ll) 135.5 135.5 87.5 67.3 135.5 87.5 60 225 170 87 
Ca(ll) 200 200 93 75 200 116.5 72 200 116.5 7 
Sr(ll) 283 116.5 93 61 150 75 72 200 116.5 7 
Ba(ll) 200 150 200 70 250 100 70 250 150 1C 
Pb(ll) 150 116.5 93 75 283 200 116.5 200 150 ^u 
Mn(ll) 275 275 136.5 113 383 136.5 80 210 166 13€ 
Cd(ll) 83.3 350 110 65 150 83.3 65 166 150 83 
Cu{ll) 150 150 110 65 166 150 110 110 83.3 6! 
Fe(lll) 70 250 100 70 550 250 200 550 150 10 
Co(ll) 283 116.5 93 50 200 150 116.5 200 93 7, 
Hg{ii) 350 350 350 350 350 350 350 350 350 35 
Ni(ll) 150 116.5 116.5 75 116.5 93 72 150 116.5 7 
Cr(lll) 142 72 75 72 83.3 80 75 80 83.3 6 
Table 4.2 Kd values of metal ions on pectin based thorium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 
Mg(ll) 135.5 200 150 216 175 75 216 116.5 150 2£ 
Ca(!!) 200 136.5 107.3 130 150 75 75 83.3 93 13e 
Sr(ll) 125 100 83 116.5 100 72 93 80 87.5 1C 
Ba(ll) 150 216 150 150 150 175 216 150 150 2£ 
Pb(ll) 850 800 700 700 650 600 600 700 700 7C 
Mn()l) 135.5 100 100 250 83,5 138,5 110 83.3 110 1f 
Ccl(l!) 150 125 116.5 175 130 150 150 110 130 13 
Cu(ll) 130 110 87.5 93 116.5 100 93 93 93 1C 
Fe(lll) 250 75 83.3 83,3 87.5 75 80 83.3 87,5 9 
Co(ll) 200 116.5 116.5 75 93 200 63.4 110 150 7 
Hg(ll) 55 80 83.3 60 87 110 62 79 90 7 
Ni(ll) 125 150 150 83.3 150 283 102 150 150 8 
Cr(lll) 150 183 83.3 63.4 200 135.5 63.4 200 150 7 
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Table 4.3 Kd values of metal ions on pyridine based cerium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 M 
Mg(li) 303 283 193 174 283 158 133 333 283 216 
Ca(ll) 367 245 192 143 358 316 213 317 273 230 
Ba(ll) 542 161 183 152 204 161 127 437 259 127 
Sr(il) 357 217 172 137 217 172 137 350 274 137 
Mn(li) 317 167 133 107 210 167 133 210 167 133 
Cd(ll) 417 237 117 79 167 117 79 237 167 167 
Pb(ll) 816 523 523 449 533 533 420 533 533 533 
Co(ll) 767 383 383 292 383 277 277 383 292 277 
Cu(ll) 967 367 367 367 367 367 367 367 367 367 
NJ(II) 567 333 317 217 333 317 217 333 317 217 j 
Hg(ii) 1983 1033 1033 1033 1033 1033 1033 1033 1033 1033 
Fe(lll) 467 467 467 467 467 467 467 467 467 467 
Cr(lll) 108 88 88 86 91 91 91 94 88 86 
Table 4.4 Kd values of metal ions on pyridine based thorium (IV) 
phosphate in DMW, perchloric acid and hydrochloric acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 M 
Mg{ll) 453 383 266 243 383 296 208 333 296 266 
Ca(ll) 783 267 195 173 328 270 150 383 315 275 
Ba(ll) 935 286 200 187 275 220 200 442 183 130 
Sr(ll) 617 274 217 172 274 217 172 350 274 217 
Mn(ll) 617 243 205 167 315 233 205 315 233 205 
Cd(ll) 367 237 213 187 213.3 187 187 213.3 187 160 
Pb(ll) 1133 766 766 583 766 766 583 766 766 583 
Co(ll) 817 433 242 242 433 242 215 242 215 215 
Cu(ll) 367 283 213.3 213.3 283 283 213.3 283 213.3 213.3 
Ni(ll) 317 217 150 150 217 150 150 217 150 150 
Hg(ii) 484 317 317 317 317 317 317 317 317 317 
Fe(lll) 467 217 217 167 217 217 167 217 217 167 
Cr(lll) 234 241 241 238 244 244 241 247 241 238 
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Table 4.5 Kd values of metal ions on cellulose acetate based 
thorium (IV) phosphate in DMW, perchloric acid and hydrochloric 
acid media. 
Metal DMW 
HCI HNO3 HCIO4 
Ions 0.01M 0.1M 1M 0.01M 0.1M 1 M 0.01M 0.1M 1 M 
Mg(ll) 1000 780 633.3 633.3 1367 1367 1367 1000 528.6 
"1 
450 
Ca(ll) 1190 790 620 620 590 590 590 950 860 790 
Ba(li) 4900 3900 2900 2900 3900 3900 3900 3900 3900 3900 
Sr(ll) 900 660 375 280 660 660 442.8 850 375 137.5 
Mn(ll) 1200 766.6 766.6 766.6 940 766.6 766.6 766.6 766.6 766.6 
Ccl(ll) 1400 200 200 200 200 200 200 1400 200 200 
Pb(ll) 21900 7200 7200 7200 7200 7200 7200 7233 7233 7233 
Co(ll) 690 540 540 540 830 750 590 590 590 590 
Cu(ii) 1900 1900 1233 900 700 1233 1233 1900 1900 1900 
Ni(ll) 890 710 710 710 810 710 690 710 710 620 
Hg(ii) 3500 3700 1800 1800 1923 1800 850 1167 280 90 
Fe(lll) 966.7 1500 700 700 1500 1500 966.7 700 540 416 
Cr{lll) 1900 1900 1233 900 700 1233 1233 1900 1900 1900 
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4.3 ANALYTICAL APPLICATIONS 
4.3.1 SEPARATIONS ACHIEVED 
For an ion-exchanger to be of much analytical use, the most 
important property is in regard of its selectivity for certain substances, 
which explores its utility in environmental applications. 
200 mg of the exchanger in HVorm was used for binary 
separations in a glass tube having an internal diameter of ~ 0.6 cm. The 
column was washed thoroughly with demineralized water and the 
mixture to be separated was loaded on it. After recycling 2 or 3 times to 
ensure complete adsorption of the mixture on the column bead, the 
metal ion was eluted at a flow rate ~ 2-3 drops min'\ The separation 
was achieved by passing a suitable solvent through the column as 
eluent. The metal ions in the effluent were determined quantitatively by 
EDTA titrations. The results are summarized in Tables 4.6-4.10 and 
figures 4.1-4.5. 
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Table 4.6 Binary separations of metal ions achieved on pectin 
based cerium (IV) phosphate. 
S.N 
0. 
Separation 
Achieved 
Ml Mz 
Amount loaded / (^g) Amount found / (^g) Error / (%) Eluent used Volume 
of 
eluent / 
(mL) Ml M j M, Mz M, Mz 
1 Cd{ l l ) -Hg{ l l ) 50897.6 35803.8 50897.6 35259.6 0 -1.52 Cd:1MHN03 
Hg: 1MHCI + 
1M NH4CI 
50 
60 
2 Pb{ l l ) -Hg( l l ) 36433.1 35803.8 35912.1 36570.0 -1.43 +2.14 Pb:0.1MHCIO4 
Hg;1 M HCI+ 
IMNH4CI 
50 
50 
3 Pd{ l l ) -Cd{ l l ) 36433.1 50897.6 35864.7 50897.6 -1.56 0 Pb:0.1MHCIO4 
Cd: IMHNO3 
50 
60 
Table 4.7 Binary separations of metal ions achieved on pectin 
based thorium (IV) phosphate. 
s. 
No. 
Separation 
Achieved 
Ml M2 
Amount loaded / (^g) Amount found / (|ig) Error / (%) Eluent used Volume 
of 
eluent/ 
(mL) M, M2 Ml M2 Ml M2 
1 Hg(l l ) -Pb{ l l ) 39572.6 34611.4 39097.7 34611.4 -1.20 0 Hg:0.1MHCI 
Pb: IMHCIO4 
50 
50 
2 Cd(l l ) -Pb{ l l ) 25448.8 34611.4 25168.8 35372.8 -1.1 +2.2 Cd:0.01MHNO3 
Pb: 1 M HCIO4 
50 
50 
3 Cd(l l ) -Hg( l l ) 25448.8 39572.6 25016.2 40087.0 -1.7 +1.3 CdiO.IMHNOs 
Hg:0.1MHCI 
50 
60 
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Table 4.8 Binary separations of metal ions achieved on pyridine 
based cerium (IV) phosphate. 
S.N 
0. 
Separation 
Achieved 
Amount loaded / ((ig) Amount found / (^g) Error / (%) Eluent used Volume 
of 
eluent / 
(mL) Mi M2 M, Mj M, M j 
1 Cd{l l ) -Hg( l l ) 42414.6 39572,6 42414.6 40249.3 0 +1.71 Cd:1MHN03 
Hg: 1MHCI + 
IMNH4CI 
50 
60 
2 MgdD- Hg{ll) 24599.3 39572.6 25128.2 39018.6 +2.15 -1.4 Mg:0.1 M HCI 
Hg:1 M HCI+ 
1M NH4CI 
50 
40 
3 Ni( l l ) -Hg( l l ) 28790.2 39572.6 28473.5 39572.6 -1.1 0 Ni:0.1MHCI 
Hg: 1MHCI + 
IMNH4CI 
50 
50 
Table 4.9 Binary separations of metal ions achieved on pyridine 
based thorium (iV) phosphate. 
s. 
No. 
Separation 
Achieved 
Ml M2 
Amount loaded / (^g) Amount found / (^g) Error / (%) Eluent used Volume 
of 
eluent/ 
(mL) Mi M2 Ml M2 Ml M2 
1 Cd(ll) - Pb{ll) 39021.4 38254,8 38112.2 38254,8 -2.33 0 Cd;0.1MHCI 
Pb: IMHNO3 
60 
50 
2 Mg(ll)- Pb(ll) 23481.1 38254.8 22931.6 37451,4 -2.34 -2.1 Mg:0.1MHClO4 
Pb: 1 M HNO3 
50 
50 
3 Cu{ll) - Pb(ll) 26091.5 38254.8 26091.5 37298,4 0 -2.5 Cu:0,1MHCIO4 
Pb: IMHNO3 
50 
50 
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Table 4.10 Binary separations of metal ions achieved on cellulose 
acetate based thorium (IV) phosphate. 
s. 
No. 
Separation 
Achieved 
Mi M2 
Amount loaded / (fjg) Amount found / (ng) Error / {%) Eluent used Volume 
of 
eluent/ 
(mL) Ml M j M, M2 M, M2 
1 Mg(ll)-Pb(ll) 25717.4 40076.4 25151.6 39395,1 -2.2 -1.7 Mg:0.1MHCIO4 
Pb: IMHNO3 
50 
40 
2 Cd(ll) - Pb(ll) 33931.7 40076.4 33049.5 40076.4 -2.6 0 Cd;0.01MHNO3 
Pb: 1 M HNO3 
50 
50 
3 Hg(ll)- Pb(ll) 37688.2 40076.4 36896.7 39314.9 -2.1 -1.9 Hg:0.1MHCI 
Pb: IMHNO3 
50 
50 
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F1g.-4.1 Separation of Cd(ll) from Hg(ll), Pb(ll) from Hg(ll) and Pb(ll) 
from Cd(ll) on pectin based cerium (IV) phosphate columns. 
Eluents: 1 M HN03-(a, f) ; 1M HCl + 1M NH4Cl-(b, d); 
0.1MHClO4-(c, e) 
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Fig.-4.2 Separation of Hg(ll) from Pb(ll), Cd(ll) from Pb(ll) and Cd(II) 
from Hg(ll) on pectin based thorium (IV) phosphate columns. 
Eluents: 0.1 M HCI-(a, f); 1M HCI04-(b, d); 0.01M HN03-(c, e) 
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Fig.-4.3 Separation of Hg(ll) from Cd(ll), Mg(ll) and Ni(ll) on pyridine 
based cerium (IV) phosphate columns. 
Eluents: 0.1 M HN03-(a); 1M HCI+ 1M NH4Cl-(b, d, f); 0.1M HCl-(c, e) 
162 
. 0.9-, CL ^^ b * 
1 -
| C U 7 . ^ CdriD 
a 
- o . » . \ PbriD § 0 . 5 . 
£ 0 . 4 . 
< S 0.3. 
lU 
•5 0.2-
• b 0 . 1 . 
5 0. 
10 20 30 40 so 60 70 80 90 100 110 120 130 
Volume of EWuent (mL) 
0 10 20 30 40 SO 60 70 80 90 100 110 120 
Volume of Effluent (mL) 
no -* ^ 
— > • < 
- f - — • 
0.8 
0.7' 
% t 
/ \ Cu(m 
0.S' 
O.S' ">y Pbrm 
0.4' 
0.3' 
0.2' 
0 .1 ' 
0 ' 
10 20 30 40 so 60 70 80 90 100 110 120 
Volume of Effluent (mL) 
Fig.-4.4 Separation of Pb(ll) from Cd(ll), Mg(ll) and Cu(II) on pyridine 
based thorium (IV) phosphate columns. 
Eluents: 0.1 M HCl-(a); 1M HN03-(b, d, f); 0.1M HCI04-(c, e) 
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Fig.-4.5 Separation of Pb(ll) from Mg(ll),Cd(ll) and Hg(ll) on cellulose 
acetate based thorium (IV) phosphate columns. 
Eluents: 0.1 M HCI04-(a); 1M HN03-(b, d); 0.01 M HN03-(c); 0.1M 
HCl-(e); 1M HCl04-(f) 
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4.4 RESULTS AND DISCUSSION 
The distribution behaviour of some of the metal ions, reported in 
Tables 4.1-4.5 in different media, shows a high selectivity of PcCeP, 
PcThP, PyCeP, PyThP and CAThP for Hg(ll), Pb(ll) ions. They are the 
major polluting metal ions in the environment. The potential of these 
materials have also been demonstrated by achieving the some 
important binary separations involving Hg(ll) and Pb(ll) ions. For 
example the possible separations on PcCeP column are Cd(ll)-Hg(ll) 
Pb(ll)-Hg(ll) and Pb(ll)-Cd(ll), on PcThP column are Hg(ll)-Pb(ll) 
Cd(ll)-Pb(ll) and Cd(ll)-Hg(ll), on PyCeP column are Cd(ll)-Hg(ll) 
Mg(ll)-Hg(ll) and Ni(ll)-Hg(ll), on PyThP are Cd(ll)-Pb(ll), Mg(ll)-Pb(ll) 
Cu(ll)-Pb(ll) and on CAThP column are Mg(ll)-Pb(ll), Cd(ll)-Pb(ll) 
Hg(ll)-Pb(ll). The results summarized in Tables 4.6-4.10 were found to 
be quite precise and reproducible. The concentration profiles are shown 
in figures 4.1-4.5 for PcCeP, PcThP, PyCeP, PyThP and CAThP 
respectively. 
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Polystyrene based cerium(IV) phosphate (PStCeP) has been 
synthesized as a new phase of fibrous ion exchanger. It has been 
characterized using IR, TGA, XRD and SEM studies in addition 
to its ion-exchange capacity, elution, pH titration and distribution 
behaviour. The Na* ion exchange capacity is found to be 2.95 
meq/dry g. A comparison of PStCeP with other materials of this 
class such as acrylonitrile cerium(IV) phosphate (ANCeP), ac-
rylamide cerium(IV) phosphate (AACeP) and polystyrene tho-
rium(IV) phosphate (PStThP), have also been discussed. 
IPC Code: Int. Cl.^  BOIJ 39/02 
Fibrous inorganic ion exchangers are very interesting 
from the practical point of view because of their 
potential applications. They can be used to prepare 
inorganic ion-exchange papers or thin layers suitable 
for chromatographic cation separations and as ion-
exchange membranes without a binder'"^ with good 
electrochemical behaviour^. Because of their high 
selectivity and stability they can also be used as ion 
selective membranes. Their applications can also be 
explored in fuel cells at high temperatures and in 
concentration of wastes containing fission products 
because the inorganic ion exchangers are known to 
have a better thermal and radiochemical stability as 
compared to organic resins. During our studies on 
fibrous ion exchangers, we have ob.scrved earlier''"^ 
that the introduction of polymeric species into an 
inorganic fibrous material may greatly enhance its 
mechanical strength, making it potentially more 
useful in industrial and environmental applications. 
The present study is an extension of our efforts in 
preparing new and novel ion-exchange materials 
based on polymeric species. 
Experimental 
Ceric sulphate [Ce(S04)2-4H20], styrene 
(C6H5CH:CH2), orthophosphoric acid (H3PO4) and all 
other reagents and chemicals used in these studies 
were of the AnalaR grade. Ceric sulphate solutions 
were prepared in 0.5 M H2SO4 and those of styrene 
were prepared in pure ethanol. A 6 M solution of 
phosphoric acid was prepared in demineralized water. 
A number of samples were prepared by adding one 
volume of 0.05 M Ce(S04)2 solution in two volumes 
of (1:1) mixture of 6 M H3PO4 and styrene (8.69-
608.26 mmol) dropwise with constant stirring for 4 h 
using a magnetic stirrer, at a temperature of 70±5°C. 
The slurry so obtained was then filtered and washed 
free of sulphate ions with demineralized water 
(pH-4), before drying at room temperature. The 
fibrous sheets thus obtained were crushed into small 
pieces and converted into the H'^  form by treating with 
1 M HNO3 for 24 h with occasional shaking and 
intermittently replacing the supernatant liquid with 
fresh acid. The material was finally washed with 
demineralized water to remove the excess acid before 
drying at 45°C, and sieving to obtain particles of SO-
TO mesh size. The maximum ion exchange capacity 
(2.95 meq/dry g) of the material was obtained when 
86.89 mmoles of the styrene were added to 1:1 v/v 
mixture of 6 A/ H3PO4 and 0.05 M Ce(S04)2. This 
sample was therefore selected for further studies. The 
ion-exchange capacity of PStCeP is higher than the 
other fibrous materials synthesized earlier such as 
ANCeP'' and AACeP^. The ion exchange sheets of 
PStCeP compared favourably with PStThP^ in regard 
of their drying temperature. The former were found to 
be more stable than the latter which melt on standing 
even on drying at room temperature. 
Characterization of the ion exchange material 
Spcclrophotomctric determinations were carried 
out using an Elico SL 151 UV-Vis spectrophotometer, 
while pH measurements were performed using Elico 
model LI-IO/7H meter. X-ray diffraction studies were 
NOTES 258' 
made on a Philips Analytical X-ray B.V. 
diffractometer model PW 170. IR studies were carried 
out using IR spectrophotometer model Nicolet 5DX. 
For TGA/DTA Universal VI.9D T.A. instrument was 
used, while for atomic absorption studies a Shimadzu 
AA-640 model atomic absorption spectrophotometer 
(AAS) was used. Scanning electron microscope, 
model JEOL JSM 840, SM was used for SEM studies 
and elemental analysis was done on a Carlo-Erba 
model 1106 analyzer. 
Ion exchange capacity (i.e.c.) and elution behaviour 
The i.e.c. for Na"^  and other metal ions were 
determined by the column process as described 
earlier*. The i.e.c. in meg g"' (dry basis) for Li*, Na*, 
r , Mg^^ Ca^^ Sr^ * and Ba^* are 1.45, 2.95, 2.00, 
2.20, 2.75, 3.20 and 3.80 respectively. The i.e.c. of 
alkaline earth metal ions on PStCeP has the following 
trend: Mg^*<Ca^*<Sr '^'< Ba^^ The hydrated radii of 
these metal ions also decrease in the same order. For 
alkali metals, however, the trend observed is 
Li*<Na*>K*. This trend is similar to the one observed 
in PStThPl 
The elution behaviour was also studied by the 
column process'*, which indicates a slower exchange 
on PStCeP as compared to PStThP''. The optimum 
concentration for the eluant was found to be 1 M for a 
complete removal of H"" ions from the PStCeP 
column, a behaviour which is similar to the materials 
prepared earlier'*' . 
Thermal studies 
One gram samples of the material were heated at 
various temperatures for 1 h each in a muffle furnace, 
and their i.e.c. was determined by the column process 
after cooling them to room temperature. The i.e.c. of 
the samples heated at different temperatures (given in 
bracket) are: 2.95 (45°C), 2.85 (100°C), 2.16 (200°C), 
1.90 (400°C), 0.85 (600°C), 0.11 (800°C). A 
comparison indicates that both PStCeP and PStThP 
retain 72% of their i.e.c. on heating up to 200°C and 
about 29% on heating up to 600°C, while ANCeP 
loses its i.e.c. about 86% and 96.5%, respectively on 
heating at these temperatures. In AACeP, the % 
retention of i.e.c. was observed as 40.15 at 200°C and 
zero at 600°C. 
Composition 
250 mg of the sample was dissolved in 25 mL 
4 M H2SO4 solution. Ce(IV) was determined by 
AAS, while phosphate was determined spectro-
photometrically by the phosphovanadomolybdatt 
method^. Carbon and hydrogen were determined b) 
the elemental analysis. The molar composition of tht 
material was found to be 1:2:1 for cerium, phosphoru; 
and styrene. On this basis, the tentative formula of th( 
material may be: [(Ce02) (H3P04)2 (CoH., CH:CH2)I 
nHzO. 
Chemical stability 
250 mg portions of the material were kept in 25 ml 
portions of the various mineral acids, bases and sal 
solutions of different concentrations for 24 h each 
with intermittent shaking. The supernatant liquid wa; 
analyzed for Ce(IV) and phosphate contents by tht 
methods mentioned above. The results arc 
summarized in Table 1. As is clear from the table 
PStCeP can withstand the effects of acids and bases t( 
a great extent. 
Scanning electron microscopic studies 
The electron micrograph of the material taken a 
2000X magnification, shows the particles of ai 
average size of 10 ^m (Fig. 1). 
pH titrations 
pH titrations were performed by the Topp an( 
Pepper's method^. The pH titration curve of PStCel 
obtained under equilibrium conditions is shown ii 
Fig. 2 for LiOH/LiCl, NaOH/NaCl and KOH/KC 
systems, which indicates a monofunctional exchange 
process as observed in PStThP^. The material release 
H"^  ions easily with the addition of metal salt solutioi 
Table 1—Chemical stability of polystyrene based cerium (IV) 
phosphate in various acid, alkali and salt solutions 
Solvent (25 mL) - Amount dissolved (mg) 
Cerium Phosphate 
1 WHCl 0.4S 0.35 
2/WHCI 0.60 0.95 
4 M H a 0.65 1.35 
1 M HNO3 0.28 0.45 
2 M HNO3 0.40 0,80 
4 M HNO3 . 0.75 1.10 
1 M H2SO4 0.25 1.48 
2 M H2SO4 0.39 1.68 
4 M H2S04 Dissolved Dissolved 
2A/NaN03 0.15 0.95 
2A/KNO3 0.97 0,18 
0.05 M NaOH 0.62 0.40 
O.lA/NaOH 0.35 0.48 
O.IWKOH 0.20 0.50 
O.IMNH4OH 0.52 0.30 
0.5 M NH4OH 0.42 0.38 
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(no OH" ions were added to the system). It shows a 
strong cation exchange behaviour of the material. At 
low metal hydroxide concentration, the ion exchange 
capacity for Li* ions is lower than Na* and K* ions as 
is evident from the initial pH at a lower hydroxide 
concentration. Also, the exchange rate is slower for 
the H*-Li* exchange than for the H*-Na* and H*-K* 
exchanges. The H*-Li* exchange process is completed 
at higher OH" concentration. This may be due to a 
larger hydrated radius of Li* ion than that of Na* and 
K* ions, thus accounting for a lower ion exchange 
capacity for Li* ions in the column process (dynamic 
condition), where the equilibrium is not fully 
established. The end point in the titration is not quite 
sharp which may be due to some alkaline hydrolysis 
of the ion exchanger. An overall higher i.e.c. for all 
the three metal ions in the batch process (static 
condition) than in the column process, as shown by 
the potentiometric curves, may be due to the presence 
of alkali hydroxides which facilitates the ion 
exchange by the removal of H* ions from the external 
solution in accordance with the Le Chatelier's 
principle. 
IR and TGA studies 
The IR spectrum taken by the KBr disc method is 
given in Fig. 3. It confirms the presence of metal 
oxides and metal hydroxides in the material. The 
metal oxygen and metal hydroxide bands are observed 
at 618 cm'', while the bands at 539 cm"' and 
1061 cm"' indicate the presence of phosphate group. 
The bands at 1632 cm"' and 3445 cm"' correspond to 
the water of crystallization. The absorption band at 
2926 cm" is due to the polystyrene group, indicating 
that the polymerization of styrene has taken place, 
while the one at 1485 cm"' corresponds to the 
presence of benzene ring'". 
The thermogram shows 8.786% weight loss up to 
106°C, which may be due to the removal of external 
water molecules "n" from the exchanger. The value of 
"n" was found to be -2.46 using Alberti's equation". 
Beyond this temperature, loss of styrene might have 
taken place, which continues up to 206.6°C followed 
by its decomposition on further heating. Condensation 
of the material may also have started resulting in the 
dehydration due to the removal of strongly 
coordinated water molecules from the framework of 
the exchanger, which continues up to 500°C. The 
pyrophosphate (P207'^ is formed after 5(X)°C'l It 
also involves the production of Ce02 at 450°C '^ . 
Fig. 1—Electron micrograph of polystyrene based ceriuni(lV) 
phosphate 
Millimoles of OH' Ions added 
Fig. 2—Equilibrium pH titration curve of polysiyrer\e based ce-
rium(IV) phosphate 
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Table 2-—Ka values of metal ions on polystyrene based cerium (IV) phosphate in DMW, perchloric acid, 
nitric acid and hydrochloric acid media 
Meta^ 
Ions DMW HCIO4 HNO3 HCI 
0.01 W 0.1 M \M 0.01 M 0.1 W I M 0.01 M 0.1 M 1 M 
Mg (II) 2100.0 2100.0 1366.6 1366.6 1300.0 1100.0 1000.0 1366.7 1000.0 900.0 
Ca (II) 2300.0 1500.0 1100.0 860.0 1500.0 1500.0 1500.0 2300.0 1500.0 1100.0 
Sr(ll) 1800.0 1166.6 850.0 7600.0 850.0 850.0 533.3 1800.0 1166.6 850.0 
Ba(II) 1600.0 1500.0 1366.6 1000.0 1300.0 1000.0 780.0 1100.0 1366.6 100.0 
Pb(II) 133.3 lOO.O 66.7 60.0 125.0 50.0 33.3 80.0 25.0 20.0 
Mn(II) 100.0 71.4 37.5 25.0 66.7 40.0 25.0 57.1 16.7 14.3 
Cd(II) 1100.0 566.7 500.0 200.0 1400.0 566.7 500.0 1400.0 1100.0 757.1 
Cu(Il) 300.0 150.0 50.0 25.0 166.6 133.3 120.0 7500.0 66.7 20.0 
Fe(III) 433.3 966.7 700.0 400.0 1500.0 1500.0 1500.0 1500.0 1500.0 700,0 
Co(Il) 100.0 60.0 16.7 10.1 20.0 50.0 16.7 57.1 20.0 14.3 
Hg(ll) 2800.0 2800.0 1763.0 1166.6 2800.0 2800.0 2800.0 2800.0 2800.0 2800.0 
Ni(II) 50.0 200.0 150.0 140.0 200.0 133.3 127.3 300.0 180.0 130.0 
Zn(II) 100.0 133.3 100.0 82.6 128.6 100.0 74.0 200.0 150.0 66.7 
X-ray studies 
The X-ray diffraction pattern of the material 
exhibits quite weak peaks, indicating its poorly 
crystalline character. 
Adsorption performance 
The distribution coefficients for the various ^^etal 
ions, determined by the standard method described 
earlier''. Table 2 shows the results of the present 
studies. 
It can be concluded that PStCeP is a useful ion 
exchanger with promising ion exchange behaviour. 
Further, because of the fibrous nature, these materials 
are produced in the form of sheets like paper and 
therefore can be utilized without having any binder 
directly for chromatographic study. 
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PFXTIN BASED CERIUIVI {IV) AND THOR61JM (IV) PHOSPHATES AS 
NOVEL HYBRID FIBROUS ION EXCHANGERS 
Synthesis, characterization and thermal behaviour 
K. G. Vorshney', A. AgrawaV andS. C. Mojumdai-
'Dcpartmcnl of"Applied Clien)i'.ir>'. Aligarh Muslim Uni\ersity. Aliuarli-202002, iTidiii 
•Iristitulo fiir Kc;«iich in C (nistniclion, Natiiiniii Koscaich Ci)iiiK-il C';iii;i(1;i. M-2(l. 1200 Moii;rc,il Rn'iil. OtLiuii, ON. K 1 A ()1U> 
C'aiKidi 
Pectin based cerium (l \0 and tliorium (IV) phosphnics have been synthcsi/xd as new phiises of hybrid fibrous ion exchangers. Hotli 
materials were characterized using X-ray diffniction, infrared ((K) spectra, themiogravinietnc analysis il'G), diffcmtial 
thcmiogravimetiy (DIG). ditVemtial thcnmai analysi.s (DTA) and scanning election microscopy (SliM). as well as the detcrniina 
tion of their ion exchange capacity, elution and pH titration. The X-ray study reveals the amorpliiius nature of the materials, w hiic 
SEM studies confiiTO the fibrous nature of the materials. The thermal studies of these materials indicate that botli of them are highi> 
stable on heating as they retain about 97% of tlieir ion-c.xchangc capacity (i.e.e.) on heating up to UlOT and about SI'!; on heating 
iiplo200°C. 
Keywords: ccriitm (ll'l, DIG andDTA sHiJivs, i.m yLXchangcrs. ill pccliis. SEM. TG. ihoriiim (III. X-iuy 
introduction 
Materials containing both organic and inorganic parts 
in their structure are termed as organic-inorganic ion 
exchangers, generally known as hybrid ion ex-
changers. These materials have attained an important 
status in analytical chemistry in the recent past, be-
cause of their improved ten exchange charsctcristica 
compared to both inorganic and organic ion ex-
changers. They contain polymeric species, such as 
polyacrylonitrile, polystyrene, polyacrylamide. pec-
tin, etc.. in their structure. These materials are ex-
pected to have high radiation and thermal stabilities. 
Because of their reproducible behaviour and ion ex-
change properties, their utility has been demonstrated 
(or the separation of various metal ions [1]. The fi-
brous nature of these materials has also been con-
firmed by SEM studies [1]. Fibrous ion exchangers 
open a new land of opportunities in industrial and en-
vironmental applications, as they can offer wide 
range of interesting properties and can be obtained in 
different convenient forms, such as cloth, conveyor 
belts, nets etc. 
The reveal of the relationship between the thermal 
behaviour and structure of coordination compounds, 
and the study of the influence of metal and ligand nature 
on the process of thermal decomposition are of a great 
interest. Therefore, many authors have investigated the 
metal and ligand nature in coordinnlion impounds of 
several central atoms, and also studied their thermal 
spectral and structiu^l properties [2-29]. 
Recently we have produced acrylonitrile bitsed ce-
rium (IV) phosphate (ANCeP) [301. pcilyacryionitrile 
based thorium flV) phosphate (PANCeP) [31 ], polysty-
rene thorium (r/) phosphate (PStThP) [321, acrylamide 
based thorium (TV) phosphate (AATliP) [33] and 
acrylan'iiJe based ceriuifj (iV) phosphaic {AACer) [34], 
which have shown selectivity for HgCU), Pb(Il), CdOl) 
and Hg(ll), respectively. 
In continuation of such studies we have synthe-
sized pectin based cerium (IV) phosphate (PcCeP) 
and pectin based thorium (IV) phosphate (PcThP). 
which possess a fibrous structure. This paper summa-
rizes the synthesis, ion exchange characteristics and 
thermal behaviour of these new maletials. 
Experimental 
Reagent.<; and Chemical.'; 
All the reagents and chemicals were of analytical re-
agent grade obtained from Central Drug House, India 
[Ce(S04h-4H20, Th(N03)4-5H20. Pectin, LiCL 
LiOH. Mg(N03)2, CafNO.Oj], Merck, India [HjS04, 
HNO.,, NaN03, NaCl, BaCl-,1 and Qualigens. India 
jNaOH. KCl. KOH, Sr(NO,)-,l. 
subhash.niojumdariS;itfc-cnn;.gc.ca 
I3H8-6I50/S20.0n 
O 2005 Akadimiai Kiado. Budape.u 
.ikademim Kiadri. Diidapcst, Ilungaiv 
Simnjier. Dordiechl. The Nelht-rland^ 
VkRmM-.Wtul. 
Syinhesis of the iou-axchaiv^e materials 
A number of sample of PcCeP and PcThP were pre-
pared by adding oue voiume of 0.05.V1 Ce(S04)2'4H;0 
(in case'of PcCeP) and 0.1M Tb(NO,)4-5H20 (in aise of 
PcThP) solutions in two volumes of (1:1) mixture of 
6M H,P04 (in case of PcCeP) and 2M HjPO* (in case of 
I'clhP)iHid pcviin (vjuying % ny,c). Thesoln«ions weir 
lidded dropwi.sc willi a^nslanl slining using mugnelic 
stiner, al a temperature of 70±5°C (in case of PcCeP) 
and 90±5°C (in case of PcThP). The resulting sluny ob-
tained under these conditions was stirred for 4 h at these 
temperatures, filtered and tlien washed free of sulphate 
ions with demineralized water (pH--4). Finally, the 
slurry of PcCeP and PcThP were dried at room tempera-
ture, resulting in fibrous shiny sheets. These sheets were 
cut into small pieces and converted into H* form by 
treating them with IM HNO3 for 24 h with occasional 
shaking and intermittently replacing the supernatant liq-
uid with IM HNO.v The materials thus obtained were 
then washed with demineralized water to remove the ex-
cess acid before finally drying at 45°C. The ion-ex-
change capacity of PcCeP and PcThP, were found to be 
maximum for sample PcCeP-2 (Table 1) and PcThP-11 
(Table 2), respectively. These two samples were se-
lected for further studies. 
Table 1 Synthesis of various samples of pectin based cerium 
(IV) phosphate 
Tabic 2 .Synthesis of various samples otpcelin baso(' th.-, 
rium (iV) phosphiik-
Na^ ion exchanged 
C3pacity/meq(dr>' g)"' 
1.40 
l,7ij 
0.60 
1.00 
1.20 
1.50 
1.01 
1.00 
Sample Pectin 
nunilx.'T^ a d d c d ^ 
PcCcP-1 0 
l'i.<:'eP-2 I 
PcCeP-.-; 2 
PcC:cP-4 3 
PcCeP-.s 5 
PcCcP-6 10 
PcC'eP-7 11 
PcCeP-S _.J?. . . . . 
Results 
/on-exchange capacity (i.e. c), elution and 
concentration behaviour 
The ion exchange capacity for Na* ion and other 
meial ions were determined by the column process as 
described earlier f3], for both PcCeP and PcThP. The 
results are summarized in Table 3. 
The elution and concentration behaviour were 
also studied on these materials by a similar method 
described earlier [30], Table 4 summarizes the results 
of concentration behaviour. 
S.iinplc 
numl)cr 
PcThP-1 
Pcri\P2 
IVDiP 3 
I V H I I ' 4 
PcThP-5 
PcThP-6 
PcrhP-7 
PcrhP-8 
PcThP-9 
PcThP-10 
PcThP-11 
PcThP-12 
PcThP-1.^ 
PcThP-14 
PcThP-15 
PcThP-16 
Pectin 
added'.'ii 
.1 
S 
7 
10 
11 
12 
n 
15 
17 
19 
20 
22 
N;i' ion exc!;ari;;eii 
e.^pacity'nicq(dry g) 
0.80 
0..S5 
()')1 
\m 
1.10 
\.^y 
1.57 
1.60 
1.91 
1.96 
2.15 
1.75 
1.65 
1.60 
1.57 
1.50 
Table 3 Ion exchange capacity of pectin based cerium (IV) and 
thorium (IV) phospliates for various metal solutions 
Metal solution 
.Aon 
_PcCcP PcThP __ 
LiCl 1.65 1.80 
NaNOj 1.78 2.15 
KCl 1.80 2.20 
.VIg(N0,)2 1.95 2.60 
Ca(KO,); 2.15 2.80 
SrtNOi): 2.2?< 3.00 
BaCl; 2.50 _ _3,1 () 
Table 4 Concentration behaviour of pectin based cerium (IV) 
and thorium (IV) phosphates 
Concentration of ^^  i''Di=?Ah5nji?_?.?P3cUy''rncq£dry g)' 
J\aNOj/.M p^^eP Pc'lTiP 
0.2 0.61 
0.4 0.80 
0.6 1.21 
0.8 1.52 
1.0 1.78 
1.2 1.70 
0.85 
1.25 
1.50 
1.80 
2.15 
2.1.1: 
Recycling studies 
1 g of material was loaded on the column of internal 
diameter ~1 cm, fitted with a glass wool at its bottom. 
The ion-exchange capacity was determined by col-
1«4 
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:'l', ilN HASi:i)vl-KmMtlVi.\NI)TllOKH'\11IV)PllOSPI!Ar!-.S 
I'ablc S Valuos <jfioii cxitiu.uic capiu'ils- ol |)vcli!i iwscd tcnum (IV) and llioriuni ilV; phosphaics on rccychng 
>iiin():e n<'. 
:> - \ ' ' i i 
1 0 
*> 1 
.1 -> 
4 ."^  
<; J. 
( i 5 
7 6 
8 7 
No ot M;!sso)-M„ikTia!ioad lorcxi-har.go cijp:icity.'mcq(dry y) 
i 7>' 
1.67 
1.4: 
1 10 
0.91 
0.5? 
0,20 
I'cThP 
:.15 
1.72 
I .fi2 
1..M 
1..M 
0.74 
C.Vi 
0.07 
Rdfiilion iiCioii C'.\CIWIM:C 
c;ip;icily'' 'J 
!-cl.cP Pcli.l ' 
100.00 100.00 
W.X2 SO.00 
87.0X 73.35 
7V.78 70.2.1 
61.79 61.10 
51.12 34.42 
2<?.78 15.35 
11.24 3.26 
utnn process [30]. using IM NaNO.i as eluanl. The 
conversion of material in H" form was done by pass-
ing 250 mL of IM HNO3. maintaining a vcr>' slow-
flow rate of-O.S mL min ', then washed the excess of 
acid with DMW (pH~7). Table 5 shows the result of 
this study on PcCeP and PcThP. 
/;// Titnilion.s 
pH measurements were performed using an hiico 
Model LI-10 pH meter. pH titrations were perfonned 
by the Topp and Pepper's method [35] on both PcCeP 
and PcThP. Figures 1 and 2 show the results of this 
study on PcCeP and PcThP, respectively. 
Thermal studies 
One g samples of the material were heated at various 
temperatures for 1 h each in a muffle furnace, and 
their ion exchange capacity was determined by the 
column process after cooling them to room tempera-
ture. Table 6 summarizes the results of this study on 
PcCeP and PcThP. 
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TG/DTG/DTA studies 
TG/DTG/DTA studies were carried out by using a 
PerkinElmer instrument, Pyric Diamond model. Fig-
ures 3 and 4 show the TG/DTG/DTA curves for 
PcCeP and PcThP, respectively. 
Table 6 'Dicrma) stability ot pectin based ccnum (IV) and tboriuni (IV) phosphates after heating to various tcmpcrdturcs for 1 h 
PeCeP PcThP 
.Sample 
no. 
Drying 
temp/^C 
Ion-exchange 
capacity.' 
,. J3."^9.1 ' ID'1£) ' 
Change in 
colour 
Retention of 
i-CC^/g 
Ion-exchange 
capacity/ 
._.'"<:l(.dry£)".' 
Chanw:c in 
colour 
Retention of 
i.e.c..'"/o 
1 45 1.78 Greenish 
yellow 100 2.15 Lemon yellow 100 
2 100 1.73 Greenish yellow 07.19 2.07 Lemon yellow 96.28 
3 200 1.45 Greenish 
yellow 81.46 1.80 Brown 83.72 
4 400 1.33 Off white 74.72 1.38 Light brown 64.19 
5 600 1.15 Off white 64.61 0.71 Grey 33.02 
6^ 800 0.51 White ___ _2J.65 
_qj3 k'sliLsrcy 6:05 _ 
" 
J. Therm. Anal. Cat.. 81. 2(105 
185 
VAKSIIM ^ i ; . ' / 
14 
\2\ 
6 
4 -
•> 
.,:^^^ 
^r 
r>^V J' 
fii-
-• N:,(lirN.itl 
— KOIMCCL 
- • - Li()ll^ic•; 
0.0 (>.0 1.0 :.o 3.0 -».o 5.0 
MillimoksofOH ions added 
Fi«. 2 Kquilibrium pH titration cur\'cs of pectin based thorium 
(IV) phosphate 
50000-
^40000-
: f 30000 
C 20000-
10.0 
l-O.O 
10.0 .c 
20.0 o^ 
30.0 g 
40.0 ° 
50.0 
• 2d0 ' 4()0 ' 6(k) • Xio • 
Tcmperalurc/'C 
Fig. 3 TG, DIG (top) and DTA curves of pectin based ce-
rium (IV) phosphate 
60000 - i r e /T--''"^ "i°t" 14000 
12000 
•5.0 
0.0 
pha 
50000- * 
^ 4000(J • i ^ . , ^ ^ .|0<KK) • "i.') . = 
;!• 30000 • 
C20000• 
10000• 
v^ 
liOOO 
6000 
4000 
2000 
O.OOO 
10.0 ^ 
- 15.0 1 
- 20.0 ^ 
• 25.0 c 
'5: 
c 
e 
i -
X5 
T^-
6 5 -
5 5 -
4 5 -
3 5 -
0 00. •*—-*-"'*"^~-*—-_^ 
^ • • ^ ^ 
c 200 400 600 800 
Tcmpcralurc/T 
fig. 4 TG. DTG (top) and DTA cunes of 
riuin (IV) phosphate 
lectin bii.sed tho- 25 • 
15-
i-
SEM Studies 
SKM studies were done with LKO 435 VP scanning 
electron microscope. Scanning electron micrograph 
of PcCeP and PcThP were taken at lOQQx and 2000x 
magniflcation, respectively, as shown in Figs 5 and 6. 
•f»:?^i«t1i-; C' 'A'»v: ' ' j Nr-/.-/.-!'/ 
%^>rJ^ 
Fig. 5 Rlectron micrograph of pectin based cerium (IV) phos-
phate at I0()0x magnification. 
Fig. 6 Electron micrograph of pectin based thorium (IV) phos-
phate at 2000x niagnification 
41KX) 3MK) .t(KK) 2.MK) :(KJ1I IMK) IlKKI MKI 
Wavenumbcrcm ' 
Fig. 7 Infrared spectrum of pectin based cerium (IV( phosph.ito 
7 and 8 show the IR spectra o f PcCeP and PcThP, re-
spect ively. 
IR xpectral studies 
IR studies were carried out by the KBr disc method 
using PerkinElmer FTIR spectrometer RX-I. Figures 
X-ray studies 
X-ray diffraction studies were made on Bruker Ana-
lytical X-ray diffractometer, model D8 advance. The 
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Fig. 9 X-ray diffraction pattern of pectin based cerium (IV) 
phosphate 
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Fig. 10 X-ray diffraction pattern of pectin based thorium (IV) 
phosphate 
X-ray patterns of materials were taken using Cu tar-
get, with vvavelenglh.s 1.54060 and 1.54439A. The 
step size and smoothing width were 0.050 and 0.300°, 
respectively. The step times were 6.00 and 3.00 s for 
PcCeP and PcThF, respectively. Figures 9 and 10 
show the X-ray diflraction patterns. 
Conclusions 
This study highlights certain interesting features of 
the pectin-based cerium (IV) and thorium (IV) phos-
phates as new fibrous ion exchangers obtained in the 
form of sheet. The SEM photographs of PcCeP (mag-
niiicniion JOOttx) and PcThl' (nwgnificatioii 2()00>) 
ie\ eai ihdr ptiriide .-^ i/e f.s 10 amJ 1 (.iin, re$pecii\ ely 
The Nil" ion exclumuc capi'ciiy \\<-is Ibund to hf 
1.78 tneq/diy g olPcCel' and 2.15 meqdry g oCiVThP. 
The ion-exchange capacity (i.e.c.) of alkali metals and 
alkaline earths on PcCeP and PcThP show the (bilow ing 
trends: Li'<Na"<K' and Mg"''<Ca^'<Sr-'<Ba-'. It is in 
same order as the decreasing trend in tlie hydraied ionic 
radii of thf^ se metal ions. 
A study of the elution behaviour reveals that the 
exchange is last on both PcCeP and PcThP. Almost 
all the H' ions are eluted out in the first 150 mL of the 
efllueni from a column of 1.0 g material. The opti-
mum concentration for the eluant was found to be 1 .\1 
(Table 4) ^or a complete removal of H' ions from ihe 
PcCeP and PcThP columns. 
In recycling studies, ion-e.\change columns con-
taining these materials (PcCeP and PcThP) were regen-
erated repeatedly for many times to study the retention 
behaviour of their i.e.c. on recycling. Table 5 shows that 
the retention value decreases slowly with increasing 
number of recycles. PcCeP retains about 11% and 
PcThP retains about 3% of their i.e.c. uplD 7 recycles. 
The pH titration curves of PcCeP (Fig. I) and 
PcThP (Fig. 2) obtained under equilibrium conditions 
for LiOH/LiCI, NaOH/NaCI and KOH/KCl systems 
indicate a monofunctional exchange process for both 
materials. The materials release H' ions easily with 
the addition of metal salt solution containing no OH^ 
ions, showing a strong cation exchange behaviour. At 
low metal hydroxide concentration, the ion exchange 
for Li* ions is lower than those for Na' and K' ions, as 
is evident from the initial pH at a lower hydroxide 
concentration. Also, the H~-Li* exchange rate is 
slower than those for the H^-Na* and H*-K' ex-
changes. The tT-Li* exchange process is completed 
at higher OH" concentration. This behaviour may be 
due to a larger hydrated radius of Li* ion than those of 
Na* and K" ions, thus accounting for a lower ion ex-
change capacity for Li" ion in the column process (dy-
namic condition) where the equilibrium is not fully 
established. The end point in the titration is not quite 
sharp which may be due to some alkaline hydrolysis 
of the ion exchanger. An overall higher ion-exchange 
capacity for all three metal ions in the batch process 
(static condition) than in the column process, as 
shown by the potentiometric curves was observed. 
This behaviour may be due to the presence of alkali 
hydroxides, which facilitates the ion exchange by the 
removal of H* ions from the external solution in ac-
cordance with the Le Chatelier's principle. 
Thermal studies of these materials indicate cer-
tain very interesting results. Both of them are highly 
stable on heating as they retain about 97% of their 
i.e.c. on heating up to 10b°C and about 81% on heat-
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ing up tc 2()0'-C. On healing up (o 40U-C, however 
they .,liow a significnnt (.lilTereiicc in (he retention ca-
P'Uiility of their i.e.c. PcCeP showing retention of 
74% while PcThP showing retention of 64%. Even on 
healing up to 600"C ihese materials show an appre-
ciable i.e.c. PcCeP retaining about 64% and PcThP 
about 33%. PcCeP retains if i.e.c. upto 28% even on 
healing up to 800°C. However, the i.e.c. of PcThP 
sharply decreases on heating up to this temperature, 
showing only 6% retention. This is a unique behav-
iour of these materials as compared to the other ones 
of this class studied earlier [1]. AACeP(5) loses its 
i.e.c. about 60% at 200=0 and 95% at 400''C, while 
AAThP(4) loses its i.e.c. almost totally beyond 
lOQ^C. The curves (Figs 3 and 4) show 9.04% mass 
loss up to 151 °C in PcCeP and 13.2% mass loss up to 
1 TT'C in PcThP, which may be due to the removal of 
external water molecules from the exchanger. Beyond 
I S r C the condensation of PcCeP must have started, 
resulting in the dehydration due to the removal of 
strongly coordinated water molecules from the frame-
work of the exchanger. The dehydration continues up 
to 1000°C, where the mass becomes almost constant. 
It also involves the production of CeOj at 450''C f36]. 
In PcThP, the condensation starts at \n°C as indi-
cated by a mass loss up to ~41 S^C. On further heating 
an abrupt change was observed. At 561''C, ThOj hori-
zontal starts [37], indicating the formation of 
pyrophosphate. 
For elemental analysis, Heraeus Carlo 
Erba-1108 analyzer was used. The elemental analysis 
gave the molar ratio of C, H. N as 3: 77; I and 31: 80: 
1 for PcCeP and PcThP. respectively. 
The IR spectrum of PcCeP (Fig. 7) and PcThP 
(Fig. 8), confirms the presence of metal oxide and 
metal hydroxide bands in the material. The metal-<>x-
ygen and metal hydroxide bands are observed at 
619.8 cm ' in PcCeP. and 627.73 and 671.59 cm ' in 
PcThP. The bands at 417.00, 500.87 and 
1057.66 cm"' in PcCeP, and 526.52 and 1074.84 cm"' 
in PcThP indicate the presence of phosphate groups. 
The absorption bands at 1633.43 and 3407.31 cm ' in 
PcCeP, and 3353.21 cm"^ ' in PcThP correspond to the 
water of crystallization. The bands at 2355.80 cm"' in 
PcCeP and 1367.23, 1430.70 and 2933.97 c m ' in 
PcThP indicate the C-H stretching of carbon. The 
C-0 stretching of ester was observed at 1737.61 cm'' 
in PcCeP and 1235.36 and 1746.14 cm"' in PcThP. 
The absorption bands at 1017.47 and 1235.36 cm"' in 
PcThP indicate C-O stretching in alcohols [38]. 
The X-ray diffraction patterns ot' PcCeP and 
PcThP show their amorphous nature. 
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Abstract 
Ion exchangers are now the well established 
materials in the field of analytical chemistry, useful 
in separation technology, particularly because of 
their easy preparation methods and high selectivity 
for metal ions. This review article highlights the 
salient features of ion exchange materials, their 
past, present and future, with an emphasis on the 
recent developments in this field, particularly the 
organic-inorganic hybrid and fibrous materials. 
Since the fibrous ion exchangers can be obtained 
in different convenient forms such as cloth, 
conveyor belts, non-woven materials, staples, nets 
etc.. therefore the field of fibrous ion exchangers 
opens new and novel possibilities for their 
environmental and industrial applications. 
Introduction 
Analytical chemistry involves the application of a 
range of techniques and methodologies to obtain and assess 
qualitative, quantitative and structural information on the 
nature of matter. These information are essential in many 
aspects of human endeavor, both terrestrial and extra-
terrestrial. The maintenance of the quality of life throughout 
the world, its improvement and the management of resources 
depend heavily on the information provided by chemical 
analysis. Manufacturing industries use analytical data to 
monitor the quality of raw materials, intermediates and 
finished products. Progress and research in many areas is 
dependent on establishing the chemical composition of 
natural or man made materials, and the monitoring of toxic 
substances in the environment is of ever increasing 
importance. Studies of biological and other complex systems 
are supported by the collection of a large amount of 
analytical data. 
There are numerous chemical or physico-chemical 
processes that can be used to provide analytical information. 
The processes are related to a wide range of atomic and 
molecular properties and phenomena that enable elements 
and compounds to be detected and / or quantitatively 
measured under controlled conditions. Table 1 shows major 
analytical techniques and applications. 
The primary concern of an analytical chemist is to 
separate different constituents of a sample prior to its 
chemical analysis. Besides the classical separation methods 
such as fractional distillation, extraction, filtration, selective 
precipitation, osmosis, reverse osmosis, crystallization, 
dialysis, diffusion etc., which involve long and complicated 
operations, chromatography has emerged as the most useful 
and versatile analytical technique. It has played a significant 
role in identification, separation, quantitative determination 
and purification of chemical compounds. Chromatographic 
techniques can be classified on the basis of the nature of 
the stationary and mobile phases. They can also be 
subdivided according to whether the separation takes place 
on a planar surface or in a column. Table 2 lists the most 
important forms of chromatography, each based on different 
combinations of stationary and mobile phases. 
Ion exchange is one of the most important analytical 
techniques used for the separation of ionic species. In a true 
ion exchange process the exchange of ions takes place 
stoichiometrically between the stationary and mobile phases 
as follows; 
R-A + B (aq) ^  ^ R-B + A (aq) 
Where 'A' and ' B ' are the replaceable ions, 'R' is 
the structural unit (matrix) of the ion exchanger and 'aq' 
stands for the aqueous phase. The ion exchange process is 
reversible i.e. it can be reversed by suitably changing the 
concentration of ions in a solution. According to the charge 
on the matrix and the exchangeable ions the materials may 
either be a 'cation exchanger' (matrix carrying a negative 
charge) or an 'anion exchanger' (matrix carrying a positive 
charge). The ions opposite to the charge of the matrix are 
called counter ions. A material capable of exchanging both 
the cations and anions are termed as 'amphoteric ion 
exchanger'. Some liquid ion exchangers are also known. 
The real utility of an ion-exchanger depends largely 
on its ion-exchange characteristics such as ion exchange 
capacity, concentration and elution behaviour, pH titration 
and distribution behaviour. The ion exchange capacity 
(89) 
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depends on hydrated ionic radii and selectivity. As the 
hydrated ionic radius increases, the ion-exchange capacity 
decreases in general because the exchange now becomes 
more difficull. The selectivity of an ion exchanger is affected 
by the nature of its functional group and the degree of its 
cross-linking. Ion exchangers containing groups that are 
capable of complex formation with some particular ions will 
adsorb these ions more strongly. If the degree of cross-
linking increases, the exchanger becomes more selective in 
its behaviour towards ions of different sizes. An increase in 
cross-linking also decreases the swelling of the exchanger. 
The eluiion of II* ions from a column depends on the 
concentration of the eluant. An optimum concentration of 
the eluant necessary for a maximum elution of H'" ions 
depends upon the nature of the ionogenic groups present in 
the exchanger, which in turn, depends upon the pKa values 
ol'ihc itcids used in its prepiiniiion. The efficiency of im ion 
cxchaiigc maierial depends on ihe following fundamental 
properties; 
• Equivalence of exchange. 
• Donan exclusion-the ability to exclude ions but not the 
undissociated substances, in general. 
• Selectivity for one ion relative to another, including the 
cases in which the differing affinities for the ions are 
inodiHed by the use of complexing or chelating agents. 
• Screening effect - the inability ol" very large ions or 
polymers to be adsorbed to an appreciable extent. 
• Ditferences in migration rate of adsorbent substances 
down a column - primarily a reflection of the differences 
in affinity. 
• Ionic mobility restricted to the exchangeable ions only. 
• Miscellaneous - swelling, surface area and other 
mechanical properties. 
Ion exchange has an interesting historical 
background. Many million years ago this phenomenon was 
noticed in various sections of the globe. The earliest of the 
references' were found in the Holy Bible establishing Moses 
priority in preparing drinking water from brackish water by 
an ion exchange technique. About thousands years later, 
Aristotle stated that the seawater loses part of its salt content 
when percolated through certain sands-. Subsequently, only 
scarce references are found until 1850 when Thompson^ and 
Way^ two English Chemists, discovered "base exchange" 
(cation exchange) in soils. The materials that are responsible 
for these phenomena were identified chiefiy by Lemberg^ 
and later by Wiegner" as clays, glauconites, zeolites and 
huiTiic acids. These discoveries led to the use of such 
materials in plant operafions for water softening and other 
purposes and to synthesize products with similar properties. 
The first synthetic industrial ion exchangers were prepared 
in 1903 by Harms and Rumpler'. the two German chemists. 
Later in 1917 Follin and Bell* first applied a synthetic zeolite 
for the collection and separation of ammonia from urine. 
Another German chemist Gans' recovered gold from seawater. 
Perhaps he was the first person in Germany who used the 
ion exchanger (processed natural zeolite) to an industrial 
scale based on scientific understanding and technological 
maturity. Thereafter, a lot of scientific work has been reported 
on natural, processed and synthetic inorganic materials for 
their ion exchange behaviour. 
In 1935 two English chemists, Adams and Holmes'" 
discovered the ion exchange properties in crushed 
phonograph records. They then, synlhesized ovgunic ion 
exchangers, called ion exchange resins, thus establishing 
finally the ion exchange phenomenon. So, it took nearly 85 
years for the ion exchange phenomenon to be fully 
recognized in chemistry since its scientific finding and 
understanding by Thomson and Way in 1850. The water 
puril'iciilion business was started in Japan in I'MS wlien a 
prominent industrialist M. Masunari imported the patents of 
Gans and his group. Later on, the use of copolymer type ion 
exchangers such as Amberlite resins was started in U.S.A. 
Although, at first the ion exchangers were mostly used for 
water softening but soon they were widely employed in many 
other fields such as analysis and preparative works. Their 
use gave analysts new inaterials that not only met the 
requirements of modern laboratories but also led to the 
solution of previously insolvable problems. I'hus, ion 
exchange process has been established as an analytical tool 
in laboratories and industries. An interest in ion exchange 
operations in industries is increasing day-by-day as their 
field of applications is expanding and is extremely valuable 
supplement to other procedures such as filtration, distillation 
and adsorption. All over the world, numerous plants are in 
operation, accomplishing tasks that range from the recovery 
of metals from industrial wastes to the separation of rare 
earths, and from catalysis of organic reactions to 
decontamination of water in cooling systems of nuclear 
reactors. 
The constant increase in the number of publications 
(Figure 1) may be taken as the best evidence for the spreading 
interest in ion exchange and for the hopes and expectations 
that accompany its future development. 
From a contemporary point of view, the development 
of ion-exchangers and sorbents can be divided into several 
periods. Table 3 summarizes the various stages of the 
development of ion-exchangers and sorbents. Many natural 
and synthetic substances are capable of ion exchange. For 
technical purpose, however only those substances that have 
adequate mechanical and chemical properties, are suitable. 
The advent of nuclear technology initiated a search 
for the ion exchange materials that would remain stable above 
150°C and in the high radiation fields. Inorganic ion 
exchangers are found to possess these properties. They 
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exhibit higher selectivities and separation factors than their 
organic counterparts and hence have good applications in 
the treatment of industrial and radioactive wastes, and in 
the processing of radioisotopes in nuclear technology. 
Further researches have shown that they have applications 
in the detection and separation of metal ions under ordinary 
conditions also. They have been found useful in the 
preparation of ion selective electrodes and as packing 
materials in ion chromatography. Analysis of rocks, minerals, 
alloys and pharmaceuticals products has also been performed 
using these materials. 
At present inorganic ion exchangers have become 
an established class of materials of great analytical 
importance. We have enormous literature available on the 
use of inorganic ion-exchangers. These materials will find 
more use in the twenty first century. The main emphasis is 
being given on the synthesis and characterization of 
chemically stable materials, reproducible in their ion exchange 
behaviour. Almost half a century of research on inorganic 
ion-exchange materials and their great development in 1960s 
and 1970s has resulted into a number of monographs and 
reviews dealing with this subject. Books and monographs 
necessarily provide a long-term picture of the given field, 
while reviews give new informations on the state of the art 
in a much shorter time of interval. Important advances in 
this field have been reviewed by Amphlett", Fuller'^, Vesely 
and Pekarek'i•'^ Clearfieldi^.i*, Albert!''', Qureshi and 
Varshney'", Marinsky", Varshney^o-^ ,^ Ivanov '^' and Terres-
Rojas-". Dyer has dealt with the theories involved in zeolite 
molecular sieves^'--", which have a direct relevance to the 
ptincipte underlying the inorganic ion exchangers. 
Pekarek'^ ' '•* classified inorganic ion exchangers into 
six broad categories according to their chemical nature and 
structure. They are as follows: 
1. Insoluble acid slats of polyvalent metals. 
2. Hydrous oxides of polyvalent metals. 
3. Salts of heteropolyacids. 
4. Insoluble hexacyanoferrates (II) 
5. Synthetic aluminosilicates. 
6. Miscellaneous inorganic exchangers e.g. mercarbide 
salts and potassium polyphophates. 
Most of these materials possess the following 
properties making them practically useful. 
1. Virtually insoluble within a reasonably wide range of pH. 
2. Appreciably good ion exchange capacity. 
3. Rapid sorption and elution behaviour. 
4. Resistance to attrition. 
.'^ . liasy preparation methods. 
(x High selectivity for certain metal ions. 
7. Suitable in column operations. 
Insoluble polybasic acid salts of polyvalent metals 
have shown a great promise in preparative reproducibility, 
ion exchange behaviour, and both chemical and physical 
behaviour. Many metals such as aluminium, antimony, 
bismuth, cerium, cobalt, iron, lead, niobium, tin, tantalum, 
titanium, thorium, tungsten, uranium and zirconium have 
been used for the preparation of ion exchange materials. Also 
a large number of anionic species such as phosphate, 
tungstate, molybdate, arsenate, antimonate, silicate, leliuride, 
ferrocyanide, vanadate, arsenopho.sphate, arsenotungstaie, 
arsenomolybdaie, arsenosilicate, arsenovanadaic. 
phosphomolybdale, phsophosilicale, phosphovanadaic. 
molybdosilicate and vanadosilicate etc. have been used to 
prepare inorganic ion exchangers. The majority of work has 
been carried out on zirconium, titanium, tin. niobium and 
tantalum. 
Composite Materials 
Two or more materials when combined together may 
produce a new material that may possesses much better 
properties than any one of the constituent materials. The 
new material is called a composite material. For example wool 
is a natural composite, w.iich consists of long cellulose fibers 
held together by amorphous lignin. Some artificial or 
synthetic composite materials are cement, inorganic fillers 
in plastics, or organic coatings on the surface of metals etc. 
Similarly, a polymer composite may be defined as a 
combination of a polymer with one or more other materials to 
produce a new material to avail advantages of each 
component. Hence, in composite materials, the interface 
between two different materials is very important feature of 
their durability or mechanical properties. In other words, the 
concept of these composite materials is 'paste together' to 
form a material with improved properties. 
Composite materials formed by the combination of 
inorganic materials and organic polymers are attractive for 
the purpose of creating high performance or high functional 
polymeric material termed as "organic-inorganic hybrid 
materials." These hybrid materials usually show properties 
intermediate between those of plastics and glasses 
(ceramics). Accordingly, hybridi/atioii can bo used to nuulil'y 
organic polymeric materials or to modify inorganic glassy 
materials. In addition to these characteristics the hybrid 
materials can be considered as a new class of composite 
materials that exhibit very different properties froiti their 
original components (organic polymers and inorganic 
materials). Hybrid materials should therefore be considered 
as the next generation composite materials that will 
encompass a wide variety of applications. 
(91) 
Research Journal Of Chemistry And Environment. .Vol. 10(1) March(2(»06) 
Res. J. Chem. Environ. 
Organic-Inorganic Hybrid ion-exchangers: The conversion 
of inorganic ion exchange materials into hybrid ion 
exchangers is the latest development in this discipline. The 
preparation of hybrid ion exchangers is carried out by the 
binding of inorganic ion exchangers with organic polymers 
i.e. polyaniline, polyacrylonitrile, polyacrylic acid, 
polymethylmethacrylate, polystyrene, polyacrylamide pectin 
etc. These polymer based hybrid ion-exchangers show an 
improvement in a number of ways. One of them is its 
granulometric properties that make it more suitable for the 
application in column operations. The binding with an organic 
polymer also introduces better mechanical properties in the 
end product i.e. hybrid ion exchange materials. Hybrid ion 
exchangers can be prepared as three-dimensional porous 
materials in which layers are cross linked or as layered 
compounds containing sulphonic acid, carboxylic acid or 
amino groups. Some of the hybrid ion-exchangers prepared 
so far are pyridinium-tungstoarsenate'^ zirconium (IV) 
sulphosalicyclophosphate"-''', styrene supported zirconium 
phosphate", polyaniline tin (IV) phosphate". 
Fibrous Ion-Exchangers: Fibrous ion-exchangers have been 
of recent origin and these materials have drawn the attention 
of researchers and experimentalists as they exhibit a high 
efficiency in the process of sorption from gaseous and liquid 
media. Fibrous ion-exchange materials have a great advantage 
of being capable to be obtained in different forms such as 
conveyer bells, non-woven materials, staples, nets and cloth 
etc. This may thus open new and novel possibilities of their 
use in different environmental analyses as shown in Fig.l. 
Fibrous ion-exchangers consist of monofilaments 
of uniform size ranging in diameter between 5-50|im. This 
predetermines short diffusion path of sorbates in a sorbent 
and high rate of sorption, which can be about hundred times 
higher than that of granular resins, which have particles 
ranging in diameter 0.25-1 urn. These ion exchangers have 
extremely high osmotic stability, which allows them to be 
used in multiple wetting and drying conditions occurring in 
cyclic sorption or regeneration processes in air purification. 
Fibrous ion-exchangers thus, open new alternatives in ion-
exchange processes. The literature shows that most of the 
researches on ion-exchange fibres have been carried out in 
Russia and Japan. So, they are the main centres of origin of 
these materials. 
A number of monographs"'" review papers'"'"''^  and 
patents have been published which deal with the preparation 
methods, properties and possible areas of applications of 
flurous ion-exchangers. Researches have been carried out 
to develop preparation methods for fibrous ion-exchangers 
of different types and identification of different fields such 
as air purification from acidic and alkaline impurities"-*', water 
purification, preparative chromatography etc. at the Institute 
of Byelorussian Academy of Sciences Minsk. Japanese and 
Western authors''-'-"' have also done a lot of work related to 
water purification, extraction of uranium, gold and other useful 
substances from water. 
Soldatov et al."'" have developed two families of 
organic fibrous ion exchangers with the trade mark 
FIBAN* 5". One of them was prepared by grafting of 
polystyrene onto polypropylene fibres. It was carried out at 
room temperature by the use of styrene solutions in organic 
solvents by means of generation of radicals in the 
polypropylene matrix initiated by lOOrad/s radiation. In the 
other case, about 2% vinyl benzene was added to styrene. 
Fig, 2 shows the scheme for the preparation of the family of 
fibrous Fiban ion-exchangers. The exchange capacity of 
these ion-exchangers can be varied by changing the quantity 
of polystyrene grafted onto polypropylene fibres and degree 
of polymer analogous transformations. Under severe 
conditions, grafting degree can be raised to 600% (6 weight 
parts of polystyrene per one weight part of polypropylene), 
the sulphonation degree to 1, amination degree to 1.2 
(functional groups per benzene nucleus). The exchange 
capacity of these ion-exchangers can reach up to 4.5meq/g. 
The exchange capacity oi anion exchangers with imidazoline 
groups can be up to 11 meq/g. The problem in the synthesis 
of ion exchange fibres is compromisingly high exchange 
capacity and their mechanical properties (tensile strength 
and elasticity). An increase in the ion-exchange capacity 
leads to a decrease in the mechanical and textile 
characteristics. The swelling of fibres should be maintained 
within the acceptable limits. The swelling properties of 
fibrous ion-exchangers can be varied by changing the 
polystyrene grafting degree, the divinylbenzene content, the 
number of functional groups, the grafting conditions and 
treatment of fibres. Swelling of fibrous ion-exchangers 
qualitatively depends on the ionic form and the way of 
swelling. It resembles with the conventional granular ion-
exchangers. The preparation of ion-exchangers of maximum 
capacity serves no practical purpose due to the unfavourable 
mechanical and osmotic properties, as well as swelling ratio. 
ion-exchange fibres open new technological 
possibilities for metal ions recovery, purification of water 
and treatment of water in natural reservoirs. Ion exchange 
fibres when used for purification of water and gases may 
undergo osmotic shocks or may be exposed to aggressive 
media. Fibrous ion-exchangers can be used to make fabrics 
under some mechanical characteristics. Fibrous ion 
exchangers are uniform in diameter as compared to commercial 
granular ion-exchange resins. For weaving fabrics, the 
strength of ion-exchange fibres is kept high. They can 
withstand multiple bends without destruction. The ion-
exchange capacity is not affected when they undergo various 
osmotic shocks induced by frequent changes in swelling. 
The structure of fibres depends on the method of preparation 
of starting graft copolymer. It may be more or less porous in 
nature and it can yield ion-exchanger of greater or lesser 
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mechanical and osmotic strength. Ion exchange fibres are 
produced by introducing, through radiation initiated by graft 
polymerization, ion-exchange groups into the sheath of each 
composite fibre, the core and the sheath of which is 
composed of different kinds of high polymer components. 
Exposing fibres with a core/sheath structure to an ionizing 
radiation and then grafting a polymerizable monomer to the 
fibres produce separation functional fibres. The separation 
functional fibres and ion-exchange fibres are useful in 
purification of pure water in electric power, nuclear, electronic 
and pharmaceutical industries and demineralization of high-
salt content solutions in production of food and chemicals. 
The fibers are also useful in removing harmful gases as well 
as odorous components such as ammonia". 
The preparation of acrylic grafted polypropylene 
fibres improves in dyeablity of polypropylene fibre through 
high-energy radiation grafting technique". It evaluates the 
role, actual and potential of high-energy electron beam 
irradiation of polypropylene fibres for grafting with aqueous 
solutions of two acrylic monomers in the presence of 
peroxide catalyst. The most effective combination depends 
on a particular molar ratio of each monomer, which gives a 
synergeiic influence on graft yield. 
Fiban K-I and Fiban A-1 fibres have a chemically 
inert matrix, polypropylene. The chemical stability of Fiban 
K-1 and Fiban A-1 fibres towards acids, bases, oxidants and 
majority of solvents under ordinary conditions is similar to 
that of common styrene-divinylbenzene ion-exchangers. The 
thermal stability of ion exchange fibres is determined by 
properties of polypropylene-polystyrene binding nodes. 
Besides various effects of anion exchangers, it has been 
found" that at 160°C an endothermal peak appears in DTA 
curve which provides an evidence for the melting of 
polypropylene matrix crystallites. In addition, at I85-I96°C a 
sharp increase in heat release is observed. The studies of 
ion-exchange capacity and infra-red spectra showed that 
above effects can also be explained by the overlapping of an 
endothermal process and decomposition of functional 
groups of anion exchange fibres upon exothermal oxidative 
polypropylene destruction. Thus, Fiban A-1 and Fiban K-1 
can be applied under similar conditions to granular styrene 
divinylbenzene ion-exchangers. The osmotic stability of 
fibrous ion-exchangers based on polypropylene fibres 
appeared to be very high. They undergo thousands of 
swelling-contraction cycles upon alternate treatment with 
acids and base, as well as drying and wetting while the 
fibrous ion-exchangers with polyethylene fibres" show a 
more homogenous composition of functional groups and a 
higher elasticity. 
Fibrous ion-exchangers"" obtained in the form of 
sheet have high permeability to air and water. Watanabe" 
described a method for manufacturing partially heat-bonding 
ion-exchange fibres and fibre containing components (A) 
having melting points lower than the ion-exchange fibres 
and or components having melting point higher than the A. 
Thus, a piece of paper (basis wt. 100/gm )^ prepared from 50:50 
mixture of multicore ion-exchange fibre (diameter 40|im, 
length 0.5mm) and cellulose fibre was pressed at 5 kg/cm^ 
dried at 90°, laminated with a web (basis wt., 30g/m^) of 
component hot-melt adhesive fibre (B), sandwiched between 
steel nets, and heated at 175°C for 3 min to form a sheet 
showing tensile strength 4.1 kg/15 mm (longitudinal) and 4.2 
kg/ 15 mm (transverse) tear strength (3.8 kg /cm^ and air 
permeation 4.9cm'/cm^-S. The Ion-exchange fibre sheet in 
the form of tobacco smoke filter material'*'" prepared by 
sulphonating polymer fibres, selectively remove carcinogenic 
and mutagenic substances from cigarette smoke, without 
affecting flavour and aroma. Thus, a compound containing 
polystyrene (9003-53-6) 40 and polypropylene (9003-07-0) 
10 parts enclosing polypropylene 50 parts were spun at 270°C 
to yield fibre (42 denier, 42 filament). The fibres were cut into 
I mm segments. The cut fibres were soaked in a solution 
containing H^ SO^  22, nitrobenzene 104 and paraformaldehyde 
0.3 parts. The fibres were allowed to stand at room 
temperature for 6 hours, washed with water and then with 
ethyl alcohol and dried. The dried fibres were soaked in H,SO, 
at 90°C for 24 hours, washed and dried. The fibres were 11-
type, sulphonic acid-containing strongly acidic cation 
exchangers, (ion-exchange capacity 3.0ng Na/g, water 
content 12.3%). The fibres were fibrilized in a blender, mixed 
with an equal amount of polyethylene pulp, and made into 
sheet. The sheet of poly (ethylene terephthalate) were 
layered and made into cigarette filter tips. The cigarette filter 
lips give more tars than a conventional one, and gave high 
organoleptic test scores. Ion-exchange fibres and their 
fabrics have been introduced and their main properties such 
as microsmic surface appearance, physical properties, 
absorption capacity, regeneration and dust holding properties 
have been studied comprehensively. Using non-woven 
fabrics as purifying material, a new type of harmful gas purifier 
has been developed. 
The various properties of ion-exchangers give an 
idea for their use in air purification. Various publications'"'' 
describe the sorption of SO ,^ CO,, NH ,^ HCl by ion-exchange 
resin. The high sorptive capacity with positive effect of 
humidity is responsible for the development of new air 
purification technologies. These technologies are related or 
deal with large volume of purified air. Even smallest scale 
processes require treatment of thousands of cubic meter of 
air per hour. It means that flow rates in them must be high 
which need high sorption rates. 
Fibrous ion-exchange materials in the form of cloth 
or non-woven belt can be used for removal of impurities 
from gas flows. They contain filaments with thickness below 
50 microns. It has been shown that rate of sorption is one or 
two orders of magnitude higher than that of industrially 
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produced resins of similar chemical structure". The materials 
are elastic in nature to some degree and have outstanding 
osmotic stability'". The number of studies proves the 
advantages of various applications of fibrous ion-exchangers 
in gaseous processes"". 
Fiban A-1 and Fiban AK-22 were tested for the 
removal of acidic impurities such as CO,, H^S, SOj and vapour 
and aerosols of inorganic and some carboxylic acids from 
air. Fiban K-l was tested for the removal of ammonia from 
air"". Strong base ion-exchange fibre (Fiban A-1) can be 
used for the sorption of any acidic impurities but it is most 
rational to apply them only to sorption of weak acids or 
substances forming acids in humid media since regeneration 
in this case is easier than that for strong acids. Practically 
important cases are H^S, CO ,^ HCN. Clj. Alkaline solutions 
are used for regeneration of anion exchanger. Weak acidic 
ion exchange fibres (lEF) like Fiban AK-22 can be used for 
sorbing strong acids. Alkaline impurities can be efficiently 
sorbed by carboxylic (Fiban K-4) or sulphonic (Fiban K-l) 
type of lEFs. 
Fibrous ion-exchangers are used to prepare 
deodorizing cloth by weaving ion-exchanger grafted fibres 
with either natural or artificial fibres". The cloth is used for 
manufacturing bedding and clothing. Polyester fibres were 
irradiated with 20Mrad. electron in nitrogen and soaked in a 
solution containing hydroxystyrene monomer and isoprene 
10 give grafted polymers, which were aminoquaternurized to 
form anionic fibres. On the other hand Polyester fibers were 
irradiated with 20Mrad. electrons in nitrogen soaked in 
acrylate solution to give grafted polymers, which were 
treated with NaOH solution to give cationic fibres. Cloths 
were prepared using these fibres. 
Fibrous ion-exchangers are useful in metallurgical 
applications. They are used for recovery of gold in the 
presence of cyanide solutions from aqueous solutions by 
hydrogen reduction in thiosulfate solution. Kotze'*" 
synthesized fibrous ion-exchangers using polypropylene 
staple as cheap, stable and robust base. Styrene was 
copolymerized onto propylene fibres. Various anionic groups 
were fixed on this material to find the most effective ion-
exchanger for the selective recovery of gold in the presence 
of other metal cyanide. Belfer" described the gold cyanide 
adsorption by new fibrous ion-exchanger prepared by the 
amination of sulfochlorinated polyethylene. The fibres 
chopped into suitably sized pieces, showed very fast 
adsorption and desorption of gold from mixed cyanide 
solution. 
Deventer" deals with the competitive adsorption 
of organic compounds and gold cyanide onto ion-exchange 
fibres and membranes. Loadings of organic compounds were 
measured on gold equilibrated adsorbents and compared to 
loadings on virigin adsorbents. Fibrous ion-exclmngers were 
used for recovery of high purity zinc oxide from steel making 
dust*". These ion-exchangers are also used for the recovery 
of non-ferrous metals'" like Cu and Ni from simulated and 
real mine water. 
Fibrous ion-exchangers are used for the 
solidification of radioactive waste'^ manufacture of fabrics 
capable of removing ionic substances*\ removal of chromium 
trioxide** from waste gases, removal of mercury" from 
wastewater with 84.2-100% efficiency. Removal of heavy metal 
ions from water*' like Cu, Pd, Zn, Fe, Cd, Co, Ni, Ag, Cr and 
Mn. PAN-PEA and carbon fibres were used for their removal 
from waste water, removal of toxic gases", cleaning of 
environment ** and removal of arsenic from chloride medium*''. 
Fibrous ion-exchangers act as the prospective 
sorbents for the separation of rare earths and aerosols'""''^  
They have high efficiency for separation of heavy metal ions 
from aqueous solutions'""*. Fiban AK-22'" can be used for 
the quantitative analysis of Cu, Ni and Co in mixture as well 
as for their preparative separations by selective elutions from 
chromatographic column. Cu-Ni, Ni-Co, Cu-Zn, Zn-Pd and 
Cu-Ni-Co mixtures were separated by elution with the 
stepwise change of pH. 
Fibrous ion-exchangers can be used in the form of 
filters. Filters are made up of ion-exchange fibres 
manufactured by radiation graft polymerization, for example 
polyolefins. Activated carbon is optionally used along willi 
ion-exchange fibres. The air filters are used for the removal 
of hazardous gases, malodorous gases, or fine particles from 
air in automobiles, gas cleaning filter holders for accurate 
determination of gases. Chemical filters are prepared for 
ultrapurification of clean rooms'"'. The non-woven filtering 
materials'"- "* are used for removal of harmful compounds 
like nitrites, nitrates, heavy metals, surfactants, herbicides, 
oils, free CI etc. from potable water. Non-woven fabrics 
containing ion-exchange fibres for filtration of gas have also 
been studied'*'. The filters"* consist of ion-exchange fibers 
ofchloromethyl styrene graft polymer quaternary ammonium 
compounds and 4-vinyl pyridine graft polymer quaternary 
ammonium compounds. The filters collected micro-organism 
floating in air rapidly and certainly and are suitable for use 
in air-conditioning systems. Filtering materials comprise of 
the ion-exchange sheets and electrically polarized synthetic 
fibre sheets with separator for air filters"". 
In 1998, Clemente'"^ described a process which dealt 
with the transformation of residuals and excess of vegetable, 
herbaceous plants, into a fibrous material having high 
content of cellulose and paper characteristics and suitable 
for the production of paper and board without using polluting 
and toxic chemical products. 
Ergozhin"" synthesized fibrous ion-exchanger by 
treating poly acrylonitrile fibre waste with [I: 17] 11,S0 -^
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Hydroxylamine sulphate mixture and simultaneous 
neutralization with Na^COj or alkali during heating at 40-
50°C. Fibrous ion exchangers were prepared to obtain good 
sorption properties. In this method, carboxylated acrylic 
fibres were modified partially with epichlorohydrin 
polyethylene-polyamine adduct, PAE'"*. The ion-exchange 
capacity of PAE modified fibres with respect to HCI was -
53% of the theoretical value. The capacity increased from 
2.1 to 3.6mmo/g with increasing modification temperature 
from 20-100°C and from 2.7-4.1 mmol/g with increasing COOH 
group content from 0.7 to 2.5mmol/g. The good sorption 
properties were obtained when the fibres were dried al 20''C. 
Kinetic Characteristics of process of cieclrodialysis 
with different fibrous ion-exchangers in desalination 
chamber"" are studied. Kinetics of preparation of biologically 
active fibres with anaesthetic activity is described"". 
Zosina'"''""' prepared fibrous porous composites 
(FPC) with good sound proofing properties from polyvinyl 
alcohol binder and HCHO, in the presence of mineral catalyst, 
by filling I-3mm polyacrylonitrile fibres waste from fur 
substitute manufactured nonwoven needle-punched fabrics 
from recycled wool, polyamide fibres, acrylic ion-exchange 
fibres. 
Borell'"'' prepared fibrous ion-exchangers by 
introducing basic groups, for example, tertiary amine, tetra-
hydropyrimidine, imidazoline, quaternary ammonium groups, 
onto cross-linked water insoluble, polyacrylonitrile fibres. 
This fibre had ion-exchange capacity of 6.3mm/g. Ivanova"" 
prepared fibrous ion-exchangers based on polyacrylonitrile 
modified with sodium-alkylsiloxanes. The diffusion rate of 
the siloxane modifiers into the polyacrylonitrils fibres 
depended on the size and nature of the Si-bonded alkyl group 
in siloxane. The modification takes place by the incorporation 
of silicon into the polyacrylonitrile fibre structure. This 
increased the ion-exchange capacity from 2 to 5 mmol/g. 
Pushpa Bajaj synthesized acrylonitrile-acrylic acid 
copolymers " '"^ and acrylic fibres"^-'" having high tenacity, 
spinning, chemical and technical applications. The 
acrylonitrile (AN) is copolymarised with acrylic acid (AA), 
methacrylic acid (MAA) and itaconic acid (lA) by the 
aqueous suspension method at 40°C with ammonium 
persulfate and sodium metabisulfite as the redox initiator. 
"C-NMR spectra revealed that AN copolymer having ~2 
mole % AA have a greater percentage (73%) of isotactic 
content than of polyacrylonitrile. Tacticity was also 
calculated from IR spectra of the polymer using stereospecific 
absorption band at 1250 and 1230 cm'. Bajaj also studied the 
influence of spinning dope activities and spin bath 
temperatures on the structural and physical properties of 
acrylic fibres"''. 
Zosina et al'-" studied the characteristics of 
modification of polyacrylonitrile fibres by metal-alkyl 
silanolate complexes. They synthesized heat resistant ion-
exchange fibres by base hydrolysis of as-spun 
polyacrylonitrile fibres in the presence of Zn[Al-Zn, Fe(lll)-
Zn, Zr-Zn, Sn(IV)-Znl-Me Si (OH)jONa complexes. Most 
active complex was Fe (Ill)-Zn and least active was Sn (IV)-
Zn complex. Sorbents based on polyethylene Polyamine 
[PEA] modified [PAN] polyacrylonitrile fibres'^' are used for 
concentrating Mo, W, V, Cr and As and for the extraction of 
these elements from natural and waste water. PAN-PAE 
sorbents are weakly basic anion exchangers in OH' and CI 
forms. 
Ion-exchange fibres based on polyvinyl alcohol 
polyacrylonitrile containing COOH group'" were used for 
adsorption of insulin. The COOH group dissociation and 
absorption desorption processes depended on the fibre 
nature. The highest stability for insulin was observed for 
modified polyacrylonitrile fibre sorbents in the Na-salt form. 
The adsorption of insulin was 1350 mg/g sorbents and the 
desorption of insulin from modified polyacrylonitrile fibre 
was possible only in alkaline buffer solutions. COOH groups 
containing polyvinyl alcohol fibres in the H*-form showed 
high selectivity for adrenaline. 
Andreeva'" studied the absorption of 
Mo'*,W»*,V''-,Cr'* & As^* on a fibrous exchanger of 
polyacrylonitrile modified by polyethylene polyamine. Cr*" 
becomes strongly bonded to the exchanger. 
Voir^^ prepared the selective ion-exchange fibres 
from polyacrylonitrile and polyvinyl alcohol fibres for the 
sorption of precious metals by modification with 
hydroxylamine in the presence of polyethylene-polyamine 
or by bonding the fibres pyrazole and mercaptobenzothiazole. 
The fibrous sorbents form stable complexes with Ag, Au, 
Pd, Pt and Rh, showing different sorption activities for 
platinum group metals. The dependence of the sorption of 
Pt group metals and Au on the concentration of HCI at 
constant temperature and nature of sorbent based on acrylic 
and polyvinyl alcohol fibres were determined. 
Yoshioka'"'"' first prepared a polystyrene based 
ion-exchange fibre by using an islands-in-a-sea type 
composite fibre. The sea ingredient predominantly comprised 
of polystyrene for reinforcement, as the starting material. It 
possesses large ion-exchange capacity and a high 
mechanical strength. It was found that the resulting fibre 
has two fundamental characteristics; ion-exchange rate for 
metal ion is very high and the capacity of adsorbing the 
macromolecular ionic substances is exceedingly large 
compared with ordinary ion-exchange resins. Polystyrene 
derivatives are used for water purification in nuclear plants. 
They act as effective solid acid catalyst. 
Like Fiban, VION* fibrous ion-exchange materials 
Research Journal Of Chemistry And Environment. .Vol. 10(1) March(2006) 
Res. J. Chem. Environ. 
have also been studied. All the VION fibres are'" acid 
resistant but undergo hydrolysis of nitrite groups to 
carboxylic groups in alkaline solutions. Na^COj solutions 
are recommended for regeneration of these ion-exchanging 
fibres. Water vapour sorption by the carboxyl group 
containing chemisorptive fibres in different ionic forms of 
acrylic fibre VION has been studied. VION chemisorptive 
fibres have been prepared in concentrated hydrazine hydrate 
solution'". 
VION" fibrous ion-exchanger materials can be used 
in the purification of gases from acidic and basic impurities 
as has been claimed by Barash et al'"•'". They studied the 
effect of repeated generations on the properties of Vion 
AN-I ion exchange fibres for the removal of the harmful 
emissions, for example, llCl from gas- air and liquid media. 
The ion exchange capacity of these fibres was not affected 
by regeneration in 0.1 N acid and alkali solutions but it 
decreased to 92.1 and 78.8% by repeated generation in 5N 
H,SO^ and 1N HNO, respectively. The ion exchange capacity, 
however, increases when treated with 1.25 N NaOH at 90° 
due to the nitrile group hydrolysis. 
Polovikhina'" studied the sorption of chloride, 
nitrate and sulphate anions under static and dynamic 
conditions for fibrous anion exchanger- Vion AS-1 containing 
pyridine groups and Vion AS-2 containing diphatic anion 
groups. The sorption process is dependent on the size of 
anions of fibrous sorbents. 
As it is clear from the above discussion, the organic 
fibrous materials have an advantage of being used in various 
textile forms such as cloth, conveyor belts and membranes, 
thus opening new and novel possibilities of their use in 
environmental applications. However, because of their 
organic nature, they are not very stable at elevated 
temperature and under strong radiation, thus restricting their 
use in such circumstances. Hence, our interest has been to 
produce the materials, which may be useful under such 
conditions. The possible solution may be the hybrid type of 
materials possessing the properties of both the organic 
polymers and inorganic ion exchange fibres. Cerium (IV) 
phosphate is probably the first fibrous inorganic ion 
exchanger'"'", prepared by Alberti et al. in 1968. Thereafter, 
the fibrous thorium phosphate'*"'*' was obtained. 
Fibrous inorganic ion exchangers are very 
interesting from the practical point of view because of their 
potential applications. For example, they can be used to 
prepare inorganic ion exchange papers or thin layers, which 
are suitable for chromatographic cation separations and as 
ion exchange membranes without a binder'*^''" with a good 
electrochemical behaviour'". Due to their high selectivity 
and stability, these membranes can be applied as ion selective 
electrodes where organic membranes fail. They can also be 
used in fuel cells at high temperatures and in the 
concentration of wastes containing fission products. 
A very interesting property of fibrous cerium (IV) 
phosphate has been the tendency to give flexible sheets 
similar to the cellulose paper"". These support free sheets 
have been found to be highly selective for certain cations 
such as Pb (II), Ag(I), T1(I) and K(l). The inorganic papers of 
thorium prosphate compare favourably with those of cerium 
phosphate as regards the stability against strong reducing 
agents. This property may be important in chromatographic 
separations where reducing agents are often used as eluants 
or spot test reagents. 
Although there are a number of publications on 
hybrid fibrous ion exchangers, the main problem has been in 
the spinning of these materials. Another problem has been 
in the preparation of mechanically strong materials with high 
ion exchange capacity. It is generally observed that an 
increase in ion exchange capacity always leads to a decrease 
in the mechanical and tensile characteristics. 
Acrylonitrile based cerium (IV) phosphate'*'' has 
been synthesized, as a new hybrid fibrous ion exchanger 
which has been characterized by X-ray, IR, TGA and DTG in 
addition to its ion exchange capacity, elution behaviour, pi I 
titration and distribution coefficients for metal ions. The 
material has been fount' to be highly selective for Hg (11) 
ions. Some binary separations of metal ions have been 
performed on a column of this material demonstrating its 
analytical potential. Similarly, the fibrous polyacrylonitrile 
based thorium (IV) phosphate"" has been found to be highly 
selective for Pb(II). The fibrous polystyrene based thorium 
(IV) phosphate'*' and cerium (IV) phosphate'*\ and 
acrylamide based cerium (IV) phosphate"" and thorium (IV) 
phosphate'" have also been prepared recently in these 
laboratories. Table 5 summarizes the materials prepared in 
our laboratories along with their characteristics and 
applications. 
Some materials which are hybrid in nature (organic-
inorganic) but are not fibrous, have also been synthesized 
in our laboratories, such as styrene supported zirconium (IV) 
phosphate" and acrylonitrile based zirconium (IV) 
phosphate'", the latter being highly selective for Sr(ll) from 
aqueous nuclear waste. New phases of acrylamide zirconium 
(IV) phosphate'" and tin (IV) phosphate"* have been found 
to be selective for Hg(II) and hence some binary separations 
from this metal ion have been achieved on their columns. 
Kinetic studies have also been performed on acrylonitrile 
and acrylamide based Cerium (IV) and Zirconium (IV) 
phosphates'"-'" to understand the mechanism of their ion 
exchange and adsorption behaivour. 
Future Prospects: This review indicates that the studies on 
hybrid fibrous ion exchangers are still in the stage of infancy 
and, therefore, it is a highly challenging field in environmental 
(96) 
Research Journal Of Chemistry And Environment. .Vol. 10(1) March(2006) 
Res. J. Chem. Environ. 
analysis. Very little studies have been reported so far on 
such materials. The main problem has been their spinning 
inability due to the presence of inorganic part in their matrix. 
Secondary an increase in their ion-exchange capacity always 
leads to a fall in their mechanical and tensile characteristics. 
Attempts are being made in these laboratones to produce 
the textile forms of the hybrid fibrous materials so that they 
may have wide ranging applications in environmental 
pollution control. 
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Table I 
Analytical techniques and principal applications 
S.No. Technique Property measured Principal areas of application 
1. Gravimeiry Weight of pure analyte or compound of 
known stoichiometry 
Quantitative for major or minor 
components 
2. Titrimetry Volume of standard reagent solution 
reacting with the analyte 
Quantitative for major or minor 
components 
3. Atomic and molecular 
spectrometry 
Wavelength and intensity of 
electromagnetic radiation emitted or 
absorbed by the analyte 
Qualitative, Quantative or structural 
for major down to trace level 
components. 
4. MiisN spcclroiDclry Mass ol'analyte or Cragmenls of it Quulilalive or structural for major 
down to trace level components 
isotope ratio 
5. Chromatography and 
electrophoresis 
Various physico-chemical properties of 
separated analytes 
Qualitative and quantitative 
separations of mixtures at major to 
trace levels 
6. Thermal analysis Chemical/physical changes in the analyte 
when heated or cooled 
Characterization of single or mixed 
major/minor components 
7. Electro-chemical analysis Electrical properties of the analyte in 
solution 
Qualitative and quantitative for major 
to trace level components 
8. Radiochemical analysis Characteristic ionizing nuclear radiation 
emitted by the analyte 
Qualitative and quantitative at major 
to trace levels 
Table II 
A classification of the principal chromatographic techniques 
S.No. Technique Stationary phase MobUe 
phase 
Format Principal sorption 
mechanism 
1. Paper chromatography (PC) Paper (Cellulose) Liquid Planar Partition (adsorption, 
ion-exchange, exclusion). 
2. Thin layer chromatography (TLC) Silica, cellulose, ion 
exchange resin, controlled 
porosity solid 
Liquid Planar Adsorption (partition, 
ion-exchange, exclusion) 
Gas Chromatography (GC) 
3. Gas-licluid chromatography (GLC) Liquid Gas Column Partition 
4. Gas-solid chromatography (GSC) Solid Gas Column Adsorption 
Liquid Chromatography (LC) 
5. High performance liquid 
chromatography (HPLC) 
Solid or bonded phase Liquid Column Modified partition 
(adsorption) 
6. Size-exclusion chromatography 
(SEC) 
Controlled porosity solid Liquid Column Exclusion 
7. Ion-exchange chromatography 
(lEC) 
Ion exchange resin or 
bonded-phase 
Liquid Column Ion-exchange 
8. Ion chromatography (IC) Ion exchange resin or 
bonded-phase 
Liquid Column Ion-exchange 
9. Chiral chromatography (CC) Solid chiral selector Liquid Column Selective adsorption 
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Table III 
Stages of development of ion exchangers and sorbcnts 
Period Development. 
Up to 1850 First experimental observations and information. The principle of ion exchange had not yet been 
discovered. 
1850-1905 Discovery of the principles of ion exchange and the first experiments in the technical utilization of ion 
exchangers. 
1905-1935 Use of inorganic ion exchange sorbenls and modi lied natural organic materials. 
1935-1940 Rapid development of organic materials. Inorganic ion-exchange sorbents were almost completely 
eliminated from all applications. 
1940-todate Continued rapid development of artificial organic ion exchangers and by a renaissance in inorganic ion 
exchange sorbents and their practical application. 
Recently The latest development in this discipline has been carried out with the conversion of inorganic ion 
exchange materials into hybrid (organo-inorganic) ion exchangers by incorporating organic polymers. 
Table IV 
Principal classes of inorganic ion-exchangers 
S.No. Type Example Exchange capacity [meq/ g] 
1. Smectic clays Montmorillonites M"* „^ [Al^., MgJ (Sig)Oj„(OH), 0.5-1.5 
2. Zeolites Na,(A10,).(SiO,),.zHp 3-7 
3. Substituted aluminium 
phosphates 
Silico aluminophosphates. Metal-substituted 
aluminophosphates (M"\ Al, ^ j ) (PO,) (OH)j^„ 
Depend upon value of x 
4. Hydrous oxides (a) SiOj.xHjO, ZrOj.xHjO 
(b) [H3O], SbjO^, Polyantimonic acid 
1-2 
1-5 
5. Group IV phosphates Zr(HPO,),. HjO, Sn(HP0,)j.H20 4-8 
6. Other phosphates Uranium phosphates, vanadium phosphates, 
antimony phosphates _ 
7. Condensed phosphates NaPOj 8 
8. Heteropoly acid salts MnxY,,O^.H,0 
[M=H% Na*NH/; X = P, As, Si, B; Y=Mo, W] 
~ 
9. Ferrocyanides M„;^Fe[CN], 
[M=Ag\ Zn2\ C\i'\ Zn"*, n=ion charge] 
1.1-6.1 
10. Titanates Na,TiA„.,[n=2-10] 2-9 
11. Apatites Ca,o-xH.(PO,)JOH),., Cation and anion exchange 
12. Anion exchangers Hydrotalcite 
Mg,Al3[OH],^CO,.4Hp 
Anion-exchange 
2-4 
13. Miscellaneous types Alkal ne-earth sulphates, polyvanadates, sulphides 
-
14. Fast ion conductors p-alumina, Na,,, Al„0„^^, 
NASICOM.Na,,Zr,Si,P3.,0,3 
1.5-3 
2-7 
7.4ppTchZ Usll ^7.T4lS7l984f ""' '""^ ^ °^'°'''^''^' ^- ' • ^ ' ' Sh^n^evich A. A., Dokl Akad, Nauk BSSR, 28, 1009 (1984) 
An c ij w n o ^^- Certificate for the "Fiban" trademark No 77959 USSR 
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31. Takanobu S., Toshihiko Y., Hiroyuki S. and Kunio F., Eur Pat 
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Table V 
Some hybrid and fibrous materials prepared so far 
s. 
No. 
Name of the 
material 
Nature Ion 
exchange 
capacity for 
Na* 
(meq/dry g) 
Selecti-
vity 
X-my 
nature 
Separations 
performed 
Composition/ 
Tentative formula 
Refe-
rence 
1 Acrylonitrile 
Cerium {IV) 
Phosphate 
Hybrid 
Fibrous 
2.86 Hg(ll) Poorly 
crystalline 
Mg(ll)-Hg(II); 
Pb(ll)-Hg(ll); 
Zn(Il)-Hg(II); 
Pb(U)-ai(U); 
Zn(II)-Cd(lI); 
Cd(ll)-Hg(II) 
[(CeO,)(H,PO,),(CH,:CHCN),].6.6H,0 146 
2. Polyacrylo-
nitrile 
Thorium (IV) 
Phosphate 
Hybrid 
Fibrous 
3.90 Pb(ll) Micro-
crystalline 
Cd(ll)-Pb(Il); 
Zn(II)-Pb(ll); 
Cd(ll)-Zn(ll); 
Zn(ll)-Hg(ll); 
[(ThO,)(H,PO,)j(CH,:CHCN),].2.2H,0 147 
3. Polystyrene 
Cerium (IV) 
Phosphate 
Hybrid 
Fibrous 
2.95 Hg(ll) Micro-
crystalline 
Mg(Il)-Hg(II); 
Pb(Il)-Hg(II); 
Cd(ll)-Hg(ll); 
Pb(Il)-Cd(lI) 
[(CeO,)(H,PO,),(C,H,CH:CH,)].2.5H,0 149 
4. Polystyrene 
Thorium (IV) 
Phosphate 
Hybrid 
Fibrous 
4.52 Cd(ll) Crystalline Hg(II)-Cd(II); 
Zn(ll)-Cd(ll); 
Ba(ll)-Cd(ll) 
[(ThO,)(H,PO,),(C,H,CH:CHJ,].3Hp 148 
5. Acrylamide 
Cerium (IV) 
Phosphate 
Hybrid 
Fibrous 
2.6 Hg(ll) Crystalline Ni(ll)-Hg(ll); 
Cd(Il)-Hg(Il); 
Pb(lI)-Hg(II); 
Pb(ll)-Cd(ll); 
[(CeO,)(H,PO,),(CH,;CHCONH,),].5.6H,0 150 
6. Acrylamide 
Thorium (IV) 
Phosphate 
Hybrid 
Fibrous 
2.0 Pb(ll) Poorly 
crystalline 
Cd(II)-Pb(ll); 
Mg(ll)-Pb(ll); 
Hg(II)-Pb(II); 
Cu(II)-Pb(ll); 
Cd(Il)-Cu(Il); 
[(ThO,)(H,PO,),(CH,:CHCONH,),].4.8H,0 151 
7. Acrylonitrile 
Zirconium (IV) 
Phosphate 
Hybrid 2.08 Sr(ll) Semi 
crystalline 
Mg(lI)-Sr(II); 
Ca(II)-Sr(II); 
Hg(II)-Sr(Il); 
Pb(II)-Sr(lI); 
Mg([l)-Ca(ll); 
Mg(II)-Hg(ll); 
Mg(ll)-Pb(ll); 
Cd(II)-Ca(II) 
[Zr(0,PCHj:CHCN)^.(HPO,),J.2.2H,0 152 
8. Styrene 
Zirconium (IV) 
Phosphate 
Hybrid 2.18 Pb(II) Poorly 
crystalline 
Mg(II)-Pb(II); 
Ba(II)-Pb(lI) 
[Zr(0,PC,H, SO,H*),.(HPOJ,J .4H,0 35 
9. Acrylamide 
Zirconium (IV) 
Phosphate 
Hybrid 2.26 Hg(II) Crystalline Ni(l!)-Hg(ll); 
Cd(lI)-Hg(Il); 
Pb(II)-Hg(II); 
Mg(Il)-Hg(II) 
[(ZrOj)(H,PO,)j(CH,.CHCONH,),].5.5H,0 153 
10. Acrylamide 
Tin (IV) 
Phosphate 
Hybrid 2.10 Hg(ll) Poorly 
crystalline 
Cd(ll)-Hg(ll); 
Pb(ll)-Hg(ll); 
Sr(ll)-Hg(ll) 
[(SnO,KH,PO,),.(CH,:CHCONH,),].10.3H,O 154 
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Fig. 1: Variants of application of ion- y \ y \ V \ _ 
exchange fibres (lEF) in liquid " - ~ "" " 
and gaseous processes 
(a) Ion-exchange columns with 
different filling 
(i) Staple pulp (ii) Parallel 
threads (iii) Layers of 
fibrous material 
(b) Coveyer belt made of ion-
exchange fibres (Process 
with continuous 
regeneration). 
(c) Mats made of lEF in the 
river or sea stream. 
(d) Dragging nets made of lEF. 
(e) Chemical air filters with 
lEF. 
(0 Gas mask or respirator 
filled with lEF material. 
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Fig. 2 : A technologica l scheme 
for preparat ion of Fiban 
ion exchangers 
R 
CH2.N" (^CH3)3Cr COOH COOH 
Research Journal Of Chemistry And Environment. .Vol. 10(1) March(2006) 
Res. J. Chein. Environ. 
106. Medoric A. et al. Hem Vlakna, Yugoslavia. 39(1-4), (1999) 
107. Zosina T V, Ananeva T A and Ivanova G V, Plasimass Khim 
Tekhnol, S' oistva 1. Primenenie, L, 105 (1987) 
108. Zosina T. V. et al, Tekst Prom St 9, 46 (1987) 
109. Borell P., Harrison P. D. and Marriott J. C, Eur. Pat. Appl 
EP 194,766 (CI.BO 1J41/12) 15 (1986) 
110. Ivanova G. V. et al, Khim, Volokna, 1, 16 (1987) 
111. Bajaj P. et al, J Appl Polym Sci, 49, 5, 823 (1993) 
Wl.Bdjai P. elii\, J Appl PolymSci.Si, 13, 1771 (1994) 
113. Bajaj P. et a\, Indian J Fibre Text Res,1\, 2, 143(1996) 
114. Bajaj R, Indian J Fibre Text Res, 21,1, 79 (1996) 
115. Bajaj ?., BuU Mater Sci. 18,6,711 (1995) 
116. Bajaj P. and Roopanwal A. K., 7 Macromol Sci Rev Macromo 
ChemPhys.Cil, 1,97(1997) 
117. Bajaj P. t\ a\, Indian J Fibre Text Res, 16, 1,8(1991) 
118. Bajaj P., Melliand Te.xlilber, 76,4,211 (1995) 
119. Bajaj P et a l , / Te.xl. Res., 59, 10, 901 (1989) 
120. Zosina T. V. et al, Zh Prikl Khim, 62, I, 160 (1989) 
121. Andreeva 1 Yu et al, Zh Prikl Khim, 63,1 68 (1990) 
122. Volf L. A. el al. Hem Vlakna, 27, 3, 3(1987) 
123. Andreeva I Yu, Drogobuzhskaya S. V. and Kazakevich Yu E, 
Vestn Leningr Univ Ser 4, Fiz Khim, 1, 67 (1990) 
124. VolfL. A. etal. Wem Kte/tna, 29,1, 3 (1989) 
125. Yoshioka T, Seni Cakkaishi, 44, 9, 344 (1988) 
126. Masahiro H. and Yoshioka T., Seni Seihin Shohi Kagaku, 31, 
10.454(1990) 
127. Yoshioka T. el a\. Bull Chem Soc Jpn, 56,3726,(1983) 
128. Yoshioka T. eta\. Bull Chem Soc Jpn, ST, 334(1984) 
129. Yoshioka T, Bull Chem Soc Jpn, 58, 2618 (1985) 
130. Noyori M., Hirata N., Yoshioka T., Jpn Kokai Tokkyo Koho, 
JP 06 23, 282,(1584) 
131. Noyori M., Hirata N., Yoshioka T., Jpn Kokai Tokkyo Koho, 
JP 05261, 298, (1993) 
132. Zareichenskii V. M., Kharoshevshkii Yu M„ Zverev M. P. 
and Surov Yu N., Zh Prikl Khim, 64,4, 849 (1991) 
133. Silchenko D. G., lllarniov 1. N„ Zverev M. P., Khim yolokna 
Russia. 2, 15-17,(1995) 
134. Barash A. N., Zverev M. R, Kalyanova N F and Sokira A N, 
Khim Volokna, 3, 37 (1987) 
135. Barash A. N., KostinaT. F., Zverev M. P., Rovenkova T. A., 
Mashinistova V. Yu and Malinovskii E. K., Khim Volokna, 2, 7 
(1989) 
136. Polovikhna L. A. and Zverev M. R, Khim Volokna, 6, 42 
(1995) 
137. Tomita N. and Khiro F., Asahi Garasu Kogya Gijutsu 
Shoreikaikenhyu Ho Ko Ku 14, 563 (1968) 
138. Albert! G and Costantino U, Italian Applic, 36708 A/67, 
U.S. Patent, 5, 728, 744 (1968) 
139. Alberti G, Costantino U, Gregorio F Di, Galli P and Torracca 
E, J Inorg Nucl Chem, 30, 295(1968) 
140. Singh N J and Tandon S N, IndJChem, 19A, 416 (1980) 
141. Alberti G. and Costantino U., Italian Applic 52565 A/70, 
German Patent, 2, 135, 699 (1972) 
142. Alberti G, Massuci M A and Torracca E, J Chromatogr, 30 
579(1967) 
143. De A. K. and Chowdhury K., Sepn Sci., 10, 39 (1975) 
144. Alberti G., Passino R., Ed, Pontificiae Academiae Scientiarum, 
Scriptavaria, 629(1976) 
145. Alberti G. and Costantino U., Italian Patent Pendent on 367 
39 A/67. 
146. Varsheny K. G., Tayal Namrata and Gupta U., Colloids Surf 
A: Physicochem EngAsp, 145, 71 (1998) 
147. Varshney K. G., Tayal N., Khan A. A. and Niwas R., Colloids 
Surf A: Physicochem EngAsp, 181, 123 (2001) 
148. Varsheny K. G. and Tayal N., Langmuir, 17, 2589 (2001) 
149. Varsheny K. G., Tayal N., Gupta P., Agrawal Arun and Drabik 
M, Ind. J Chem, 43A, 2586 (2004) 
150. Varshney K. G., Gupta P., Tayal N., Ind J Chem, 42A, 89 
(2003) 
151. Varshney K. G., Gupta P. and Agrawal Arun, Proceeding of 
National Symposium on Biochemical Sciences; Health and 
Environmental Aspects, Dayalbagh Educational Institute. Agra, 
Allied Publishers, New Delhi, 254-257 (2003) 
152. Varshney K. G. and Pandith A. H.,J Ind Chem Soc, 78, 250 
(2001) 
153. Varsheny K. G., Jain V. and Tayal N., Ind J Chem Tech, 10 
186(2003) 
154. Varsheny K.G. and Gupta R, Ind J Chem, 42A, 2974 (2003) 
155. Varshney K. G., Tayal N., Colloids Surf A: Physicochem Eng 
Asp, 162, 49 (2000) 
156. Varshney K. G., Gupta R, Tayal N.. Colloids Surf B . 
Biointerfaces, 28, 11 (2003) 
157. Varsheny K. G., Jain V., Tayal N., Ind J Chem, 41A, 2318 
(2002) 
(Received 15th June 2005, accepted 20th February 2006) 
Printed and published by Dr. Jyoti Garg, Sector A/80, Scheme 54, A.B. Road, INDORE for Research Journal of 
Chemistry and Environment, Sector A/SO, Scheme 54, A.B. Road, INDORE. Printed at Naidunia Printery INDORE 
Editor-in-Chief (Honorary) - Dr. S.L. Gargh 
(103) 
Research Journal Of Chemistry And Environment. .Vol. 10(2) June(2006) 
Res. J. Chem. tinviron. 
Synthetic and Ion-Exchange Studies on 
a Lead Selective Acrylamide Thorium (TV) Phosphate Hybrid 
Fibrous Ion Exchanger 
S.C. MojumdaH, K.G. Varshney*, Puja Gupta and Aran AgrawaH 
1. Insiiiuic for Research in Consiruction. National Research Council of Canada, M-20. UOO. Monlrcal Road. Ouawa. CANADA. 
:. Department of Applied Chemistry, Faculty of Engineering and Technology. AUgarh Muslim University, Aligarh 202 002, INDIA. 
*roma_gopat@rcdiffmail.com 
Abstract 
Acrylamide thorium (IV) phosphate has been 
synthesized as a new hybrid fibrous ion exchanger. 
Ii has been characterized using IR, TGA, XRD and 
SESf studies in addition to its ion exchange capacity, 
pH riiration, eliition and concentration behaviour. 
The distribution behaviour towards several metal 
iuiii in different media/concentration has also been 
siudii'd and the material is found to be highly 
selective far Pb(U). Some binary separations of 
Fb(Il) have been achieved on the column of this 
nuiferiat. X-ray studies reveal its poorly crystalline 
behaviour. 
Kej words: Lead, Ion Exchange Studies, Fibrous Ion 
Exchanger. 
Introduction 
Fibrous ion-exchange materials open a land of 
opportunities in industrial and environmental applications. 
These ion-exchangers are novel multifunctional materials that 
offer a wide range of interesting properties and can be 
obtained in different convenient forms. Considerable interest 
has been focussed on inorganic crystals ha\ ing fibrous 
structure, as they tend to make inorganic ion-exchange 
paper.<i suitable for chromatographic separation of cations' 
or inorganic ion-exchange membranes.^^ 
Thorium (IV) phosphate, belonging to the group of 
tctravalcni metal acid salts has been reponed as a fibrous 
material-'". However, since it has a poor mechanical strength, 
suitable co-monomers like acrylonitrile and styrene were 
incorporated earlier in these laboratories'^ in an effort to 
overcome this shortcoming. 
In the present study acrylamide thorium (IV) 
phosphate has been synthesized which possesses a fibrous 
structure, good ion-exchange capacity and enhanced 
mechanical strength in addition to its good chemical stability. 
It has also been found to be highly selective for Pb(II) ions 
and thus has an industrial importance. 
Material and Methods 
Reagents and Chemicals: Thorium nitrate [Th(N03)4.5H,0] 
and acrylamide (CH2:CHCONH2) were obtained from CDH 
(India) while phosphoric acid (H,P04) was a Qualigcns (India) 
product. All other reagents and chemicals were of Analytical 
Reagent grade. 
lostrumentatioD ; pH measurements were performed using 
an Elico Model Ll-10 pH meter. X-ray diffraction studies 
were made on a Philips analytical X-ray B.V. diffractomctet, 
model 3710 and IR studies were carried out by KBr disc 
method using Perkin Elmer FTIR spectrometer RX-I and SEM 
studies were done with JEOL Model JSM 840 .For TGA, a 
Thermo analytical instrument Sdt 2960 was used. A Shimadzu 
AA-640 atomic absorption sprtrophotomctcr was used for 
the determination of Th (TV). 
Preparation of the reag,ent solutions: Thorium (IV) nitrate 
was dissolved in 1 M HNO3 while acrylamide and 
orthophosphoric acid solutions were prepared in 
demineralised water (DMW). 
Synthesis of Acrylamide Thorium (IV) Phosphate (A.AThP): 
A number of samples of AAThP were prepared by adding a 
litre of 0.1 M solution containing 100 mmoles of 
Th(NOj) .^5HjO to a 2 litre mixture (1;1) 2 M HjPO^ and 
acrylamide solution containing 10 to 600 mmoles. Stining 
was done during mixing using a magnetic stirrer at a 
temperature of 90± 5°C. The resulting slurry obtained under 
these conditions was stirred for 5 h at this temperature, 
filtered and washed with demineralised water (pH -4). On 
drying at 15 -20''C it resulted into a sheet, which was crushed 
into small pieces and converted into H* form by treating 
with 1 M HNOj for 24 h with occasional shaking and 
intermittently replacing the supernatant liquid with fresh acid. 
The material thus obtained was then washed with 
demineralized water to remove the excess acid before drying 
finally at 45''C and sieved to obtain particles of size 50-70 
mesh. The maximum ion exchange capacity was observed of 
a sample obtained by adding 100 mmoles of acrylamide to a 
I :I v/v mixture of 2 M HjPO^ and 0.1 M Th(N03)j.5H20. This 
sample (AAThP-3) was, therefore, selected for further 
studies. Table I shows the synthesis of various samples. 
Ion exchange capacity: The ion exchange capacity (i.c.c.) of 
the sample was determined as usual by the column process 
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taking 1 g of the material (H' form) in a glass tube of intental 
diameter -1 cm, fitted with the glass wool at its bottom. 250 
ml of 1 M NaNOj was used as eluent, maintaining a very 
slow flow rate (- 0.5 ml min-'). The effluent was titrated against 
a standard alkali solution to determine the total H^  ions 
released. The ion-exchange capacity in meq g-' (dry basis) 
for Li-, Na", K' Mg=', Ca^-, Sr^ ^ and Ba^ ' was found to be 1.4, 
2.0,1.76.1.90,2.4,3.0 and 2.1 respectively. 
Elution and concentratioa behaviour: The extent of elution 
was found to depend upon the concentration of the eluent. 
To study this eflcci solutions of varying concentration (0.2-
1.2 M) were passed through the column of 1 g ion exchanger. 
The H' ions thus eluted were titrated against a standard 0.1 
M NaOH solution. The ion exchange capacity in meq g'' 
(dry basis) obtained by using eluents of different 
concentrations was found to increase with the increase in 
concentration of the eluent as follows: 
l.:(0.2M); l,4(0.4M); l.5(0.6M); l.9(0.8M);.2.0(l.0M); 
2.(Hl.2M) 
The optimum concentration of the eluent for the 
complete elution of H" ions in 250 ml NaNO^ solution was 
found to be I M. Then, a similar column containing 1 g 
exchanger was eluted with a NaNOj solution of I M 
concentration in different 10 ml fractions with a minimum 
flow rate described above. This experiment was conducted 
to find out the minimum volume required for a complete 
elution of H" ions^ which indicates the efficiency of the 
column. 
Thermal Studies: Various 1 g samples of the material were 
heated at different temperatures in a muffle furnace for one 
hour each and their i.e.c. were determined by the usual 
column proces.s after cooling them to the room temperature. 
The results arc given below: 
:.0(45"C): 1.8(100=0:1.02(200°C) 
The material is found to melt above 200°C. 
Composition: 100 mg of the sample was dissolved in 3-4 ml 
concentrated HNO, and diluted upto 100 ml with DMW. 
Thorium (IV) was determined by atomic absorption 
spectrophotometer while phosphate was determined 
spectrophotometrically by the phosphovanado molybdate 
method". The number of millimoles forTh (IV), V0^-^, C, H 
and N were found to be 0.155, 0.642, 0.063, 1.34 and 0.09 
respectively, the resulting mole ratio for Th, PO^-' and AA 
being 1:3:7. 
pH Titrations; pH titrations were performed by the batch 
process using the method of Topp and Pepper*. 500 mg 
portions of the exchanger in the H' form were placed in each 
of the several 250 ml conical flasks followed by the equimolar 
solutions of alkali metal chlorides and their hydroxides in 
different volume ratios, the final volume being 50 ml to 
maintain the ionic strength constant. The pH of the solution 
was recorded after equilibrium and was plotted against the 
millicquivalents of the OH- ions added. The results are 
shown in Fig. i. 
IR studies: The IR spectrum was taken by the KBr disc 
method and is given in Fig. 2. 
X-ray studies: Fig. 3 shows the X-ray diffraction pattern of 
the material. 
TGA/DTA studies: Fig. 4 shows the thermogram of the 
material. 
Scanning electron microscopic studies: Fig. 5 shows the 
scanning electron micrograph of the material. 
Distribution studies: 200 mgof the exchanger in the H' form 
wens equilibrated with 20 ml solutions of different metal ions 
in different media. The initial metal ion concentration was so 
adjusted that it did not exceed 3% of the total ion exchange 
capacity. The metal ion' in the solutions before and after 
equilibrium were determined by the EDTA'" titrations and 
the distribution coefficients Kj were calculated by the 
formula: 
Kj = (I-F)/F.V/M(mLg-') 
where, I is the initial volume of EDTA used and F is the tlna! 
volume of EDTA used. V, is the total volume of the solution 
(mL) and M, is the amount (g) of the exchanger. Table 2 
shows the K^  values of some of the metal ions in different 
media. 
Separations achieved: 200 mg of the exchanger in H" form 
was used for binary separations in a glass tube having an 
internal diameter of -0.6 cm. The column was washed 
thoroughly with DMW and the mixture to be separated was 
loaded on it. After recycling 2 or 3 times to ensure complete 
adsorption of the mixture on the column bed, the separation 
was achieved by passing a suitable solvent through the 
column as eluant at a flow rate --2-3 drops min"'. EDTA 
titrations were used for the determination of metal ions in 
the effluents. 
Results and Discussion 
The present study is an attempt to explore the 
possibility of synthesizing acrylamide thorium (IV) 
phosphate a new hybrid fibrous ion exchanger (AAThP) 
which incorporates best moieties to the extent which provide 
a higher ion exchange capacity (2.0 meq/dry g) and material 
useful in environmental analysis. Further, the material is 
obtained in the form of a sheet with shiny appearance. The 
SEM of the material shows the fibrous nature of the material. 
Inorganic ion exchange papers of AAThP can easily be 
prepared, and these paper compare favourably with those of 
cerium based materials with regard to their stabilities with 
strong reducing agents. This property plays vital role in 
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chromatographic separations where reducing agents are 
often used as eluents or spot test reagents. 
The most important feature in the synthesis of 
AAThP was the drying temperature. The material was 
obtained in the form of ion-exchange paper when dried at 
15-20'C. It was quite stable even upto IWC and retains 
iX"''!! of its ion exchange capacity. The thermal stability of 
the material appears to be less than the normal inorganic ion 
exchangers which may be due to the presence of the organic 
part in its structure. The product dried at room temperature 
was nor stable and found to melt on standing. 
The elution behaviour indicates that the exchange 
is quite fast and almost all the H^ ions (exchange sites having 
POj) are eluted out in the first 110 ml of the effluent from a 
column of 1.0 g exchanger. The optimum concentration of 
the eluent was found to be I M for a complete removal of H* 
ions from the above column. 
The pH-titration curve of AAThP reveals that 
exchange takes place in one step indicating the 
monofunctional behaviour for LiOH/LiCf, NaOH/NaCI and 
KOHKCl. 
On the basis of its chemical analysis and the molar 
composition of Th, PO/^ and AA following empirical formula 
may be tentatively suggested for the material: 
((ThOj) (HjPOj, (CHj:CHCONHj),].nHjO 
The thermogram shows 7.5% weight loss upto 
150=C. It may be due to the removal of external water 
molecules "'n" from the exchanger. The value of'n' was found 
to be 4.8 using Albeni equation". 
18n X(M->-18n) 
100 
where X is the percent weight loss in the exchanger on 
heating up ro 150=C and (M^ | gn) is the molecular weight of 
the material. Beyond 150'C condensation process starts as 
\i indicated by a further weight loss up to around 350°C. 
The retained water is slowly eliminated up to 390°C at which 
the production of ThO, starts. Beyond 470''C horizontal 
portion of the curve indicates the formation of pyrophosphate 
phase'-. 
The value of external water molecules '"n" can be 
calculated with the help of molar composition of the material 
which is a separate study under progress. 
The IR spectrum shows the presence of various 
groups present in the materially-1*. The metal-oxides and 
hydroxides are indicated by the bands at 628 cm' while the 
phosphate groups are indicated by the absorption bands at 
546.7 cm' and I074.2lcmi. The presence of water of 
crystallization is indicated by the bands at 1610 & 3445.71 
e m ' and the absorption band at 1649.34 c m ' is a 
characteristic of C=0 stretching vibrations in amide group. 
The absorption band at 1382.65 cm' confirms the presence 
of acrylamide group in the structure. 
The X-ray diffraction pattern of material is not very 
sharp, indicating its poorly crystalline behaviour. 
The distribution behaviour of AAThP shows its 
high selectivity for Pb(II) ions in all media, which illustrate 
its importance in the atmospheric pollution studies. Hence, 
the separations of analytical significance such as, Cd(ll)-
Pb(ll);Mg(n)-Pb(ll); Hg(II)-Pb(II); Cu(n)-Pbtn) and Cddl)-
Cu(II) have been achieved. The separations were found to 
be quite precise and reproducible as summarized in Table 3. 
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Fig. 1: Equilibrium pll titration curves ofacrylamide based 
thorium (IV) phosphate. 
Table I 
Synthesis of various samples ofacrylamide based 
thorium (IV) phosphate 
Sample 
Number 
m moles of 
acrylainide/lOOOml 
NaMon exchange 
capacity (meq/dry g) 
AAThP-1 10 1.4 
AAThP-2 50 1.6 
AAThP-3 100 2.0 
AAThP-4 200 1.8 
AAThP-5 500 1.5 
AAThP-6 600 0.7 
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Table U 
K4 values of some metal ions on acrylamtde tho r ium (IV) phospha te in DMW, hydrochlor ic acid, 
nitric acid and perchloric acid media 
Metal 
Ions DMW 
BCIQ4 C '^:-M^W^MWI^^!^!:::'?^M:. > ^ s g H a ./;••:::-•• 
0.01M 0.1M M ••: S 0 . M M ? " W^& ^yjirii ; :0.01M ; miM I M 
Mgdi) 320 200 162.5 133.5 200 200 1333 110 90.9 75 
CadF) 150 150 130.7 1142 200 150 11428 275 200 150 
Sr(ll) 540 540 433.3 357 700 540 4333 7000 540 540 
BadI) 520 416.6 342.8 342.8 416.6 210 210 244.4 210 210 
Pb(II) 2100 2100 1000 6333 2100 21000 2100 2100 2100 1000 
Mn(II) 140 140 100 84.6 380 2418 140 118 110 71.42 
Cddl) 133.3 162.5 1333 1333 200 162i 133 162.5 no 90.9 
Cud!) 90 76.6 55 400 8) 60 S) 70 60 60 
Co<II) 1050 1050 475 360 475 2833 187J 66.6 475 475 
Hg(H) 1900 1900 1900 1900 1900 1700 1700 1900 1900 1900 
Nidi) liJOO 1800 1700 1700 1700 1600 1600 1600 1500 1500 
Fedlll 700 700 700 700 700 700 700 700 700 700 
Crtlll) 60 66.6 53.8 333 73.9 53.8 53.8 60 66.6 37.9 
Table I I I 
Binary separations of metal ions achieved on acrylamide thorium (IV) phosphate columns. 
S.No. Separation 
achieved 
M,-M, 
Amount 
loaded ((ig) 
Amount 
loaded Org) 
Error 
(%) 
Eiuent 
used 
Volume of 
eiuent (ml) 
M, 
^\ H H M, H 
1. Cddl)-Pb(II) 1943.36 2185.98 1850.82 2185.98 ^.76 0 CdiO.OIMHNOj 
PbrlMHNO, 
40 
40 
1 Mgdii-Pbdl) 161538 2185.98 1576.92 2086.62 -238 ^.54 Mg-.O.IMHCIO, 
Pb:lMHNO, 
50 
40 
3. Hg{II>-Pb(Il) 2001.6 2185.98 1901.57 2136.30 -5.0 -2.27 Hg:0.1MHCI 
Pb : lMHC10, 
40 
40 
4. Cudl)-Pb(II) 1014.72 2185.98 94224 2185.98 -7.1 0 Cu:0.1MHClO^ 
Pb:0.1MHClO, 
4 
30 
50 
5. Cd(II).Cu(Il) 1943.63 1014.72 1943.63 978.98 0 -3.5 Cd:0.01MHNO3 
Cu:0.1MHClO, 
40 
50 
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PYRIDINE BASED ZIRCONIUM(IV) AND TIN(IV) PHOSPHATES AS 
NEW AND NOVEL INTERCALATED ION EXCHANGERS 
Synthesis, characterization and analytical applications 
K. G. Varshney\ V. Jain\ A. Agrawat and S. C. Mojumdar 
'Department of Applied Chemistry, Aligarh Muslim University, Aligarh 202002, India 
^Institute for Research in Construction. National Research Council Canada, M-20, 1200 Montreal Road 
Ottawa, ON. KIA0R6, Canada 
Pyridine based zirconium(IV) phosphate (PyZrP) and tin(lV) phosphate (PySnP) have been synthesized as new and novel interca-
lated ion exchangers. These materials have been characterized using X-ray, IR spectra, TG, DTG and DTA studies in addition to 
their ion exchange capacity, clulion, pH titration, conceiUration and distribution behaviour. The distribution studies towards several 
nielal ions in different media/concentrations have suggested that PyZrP and PySnP are selective for Hg(in and Pb(II), respectively. 
As a consequence some binary separations of metal ions involving Hg(II) and Pb(Il) ions have been performed on a column of these 
materials, demonstrating their analytical and environmental potential. 
Keywords: biimiy separations. DTA. DTG. /l}:(Ill IR spectra. Pb(ll). pyridine. TC. lin(lV). X-ray, zirconiiim(lV) 
Introduction 
Hybrid ion exchange materials are of recent interest [1] 
because of their properties intermediate to the organic 
and inorganic ion exchangers. They have shown good 
chemical stability in contrast with the organic resins 
and good thennal stability, well-known characteristics 
of inorganic ion exchangers. In addition to this, vary-
ing the interlayer distances may further enhance the 
utility of these materials in separation of metal ions. 
Since zirconium(IV) phosphate type ion ex-
changers [2] have layered structures, intercalation of 
polar molecules into the structure can alter the inter-
layer distances [3-5]. Many of such compounds like 
alkanols. glycols and amines have been added into the 
structure of a-ZrP by earlier workers [6]. 
In our laboratories we are engaged in the synthe-
sis of a number of fibrous [7-12] and non-fi-
brous [13-17] hybrid ion exchangers, which may 
show selectivity for different metal ions. They have 
also been utilized in the separation of metal ions of 
environmental importance [18-20]. 
The relationship between the thermolysis and 
structure of metal compounds, and the study of the in-
fluence of metal and ligand nature on the process of 
thennal decomposition are of a great interest. There-
fore, many authors have investigated the metal and 
ligand nature in many metal compounds of several 
central atoms, and also studied their thermal, spectral, 
structural and many other properties [21-4SJ. 
The present study is an effort to prepare hybrid 
ion exchangers intercalated with pyridine, a polar or-
ganic molecule. Following pages summarize ihe syn-
thesis, characterization and analytical applications of 
pyridine based zirconium(IV) (PyZrP) and tin(lV) 
(PySnP) phosphates. 
Experimental 
Afa/erials 
Reagents and chemicals 
Zirconyl oxychloride (ZrOCl2-.SH:0), stannic chlo-
ride (SnCU-SHiO). orthophosphoric acid (H.1PO4), 
pyridine and all other reagents and chemicals used in 
these studies were of AnalaR grade. 
Preparation of the reagent solutions 
Solutions of zirconyl oxychloride, stannic chloride, 
orthophosphoric acid and pyridine were prepared in 
doubly distilled water. 
Synthesis of the ion-exchange materials 
A number of samples of PyZrP and PySnP were pre-
pared by adding one volume of 0.05 M ZrOCIrSH^O 
(in case of PyZrP) and 0.3 M SnCU-SH^O (in case of 
PySnP) solutions in two volumes of (1:1) mixture of 
0.1 M H3PO4 (in case of PyZrP) and 0.6 M H,P04 (in 
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case of PySnP) and pyridine (varying % age), 
drop-wise with constant stirring. The resulting slurry 
obtained was kept for 24 \\ at room temperature, then 
filtered and washed with demineraiized water (DMW) 
till the excess acid was removed (pH-6). The materials 
were finally dried as usual at 45°C. The dried gel was 
then cracked into small granules by putting in DMW 
and converted into H^ form by treating with 1 M HNO3 
for 24 h with occasional shaking and intermittently re-
placing the supernatant liquid with fresh acid. The ma-
terials thus obtained were then washed with DMW to 
remove the excess acid before drying finally at 45°C 
and sieved to obtain particle of mesh size 50-70. The 
ion exchange capacity of PyZrP and PySnP were found 
to be maximum for sample PyZrP-5 (Table 1) and 
PySiiP-3 (Table 2) respectively. Tliese two samples 
were selected for further studies. 
Instrumental methods 
Spectrophotometric determinations were carried out 
using UV-vis spectrophotometer Elico model SL 171. 
• pH measurements were performed using an Elico 
model LI-10 pH meter. 
• X-ray diffraction studies were made on a Philips an-
alytical X-ray B.V. diffractometer type PW-3710. 
• IR spectral studies were carried out using a 
PerkinElmer FTIR spectrophotometer model RX-1. 
• TG-DTG-DTA studies were carried out using a 
PerkinElmer instrument, Pyric Diamond model. 
• For atomic absorption studies, a Shimadzu AA-640 
model atomic absorption spectrophotometer (AAS) 
was used. 
Elemental analysis was performed on a Vario FLIII 
elemental analyzer. 
Results and discussion 
Composition 
100 mg of the samples were dissolved in 3-4 mL of 
HF acid for PyZrP and in cone. HCl tor PySnP. 
Zr(IV) and Sn(IV) were determined by AAS in PyZrP 
and PySnP, respectively, while phosphate was deter-
mined spectrophotomelrically by the phosphovanado 
molybdale method [51] in both materials. Carbon, hy-
drogen and nitrogen were determined by the 
elemental analysis. 
On the basis of chemical analysis, the molar 
compositions of ZriPiCjHjN (PyZrP) and 
Sn:P:C5H5N (PySnP) were found to be 1:2:4 and 
1:2:7, respectively, which tentatively suggest the fol-
lowing formulae for PyZrP and PySnP, respectively: 
and 
[(ZrO.)(H3P04):(C 5H5N)4] nHiO 
[(Sn02)(H3P04)2(C5H5N)7]nH:0 
Ion exchange capacity (i.e.c). elution and 
concentration Ijehaviour 
The most important feature of the materials prepared in 
these studies is their good ion exchange capacity (i.e.c.) 
for Na' ions [2.0 meq/dry g in PyZrP (Table 1) and 
2.10 meq/dry g in PySnP (Table 2)J. It is much higher 
than the i.e.c. generally shown by the inorganic ion 
Table 1 Symhesis of various samples of pyridine based zirconium(lV) phosphate 
Sample number Zr solution/ 
mMol L ' 
H,POV 
mMol L'' 
Cone . of pyridine/ 
% 
Na' 
capac 
ion-exchange 
ity/meq(dry g) ' 
PyZrP-l 50 100 _ 0.3 
PyZrP-2 
PyZrP-3 
PyZrP-4 
PyZrP-5 
50 
50 
50 
50 
100 
2000 
50 
100 
0.5 
0.5 
1 
1 
0.66 
0.3 
0,22 
2.0 
PyZrP-6 
PyZrP-7 
50 
50 
100 
100 
1.5 
2 
0.78 
1.02 
Table 2 Symhesis of' i/arious samples of pyridine based tin(lV) phosphate 
Sample number Sn solution/ 
mMol L-' 
H3POV 
mMol L"' 
Cone. of pyridine/ 
% 
Na ion-exchange 
capacitv/meatdrv L>V' 
PySnP-1 
PySnP-2 
300 
200 
600 
600 1 
1.4 
1 3'' 
PySnP-3 300 600 1 ") 1 
PySnP-4 300 600 0.5 1.17 
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Tabic 3 Ion cxcliiiiigc capacity of pyridine based zirco-
niuni(IV) iiml tin(IV) phosphulos lor various metal 
solutions 
Metal solution 
Ion-exchange capacity/iiieq(dry g ') 
PyZrP PySnP 
LiNOj 1.60 1.63 
NaNOj 2.00 2.10 
KNO3 2.41 2.21 
Mg(N03)2 1.63 1.35 
CalNOj), 2.85 1.43 
SrlNOj): 1.93 1.65 
BaCl2-2H20 2.10 1.84 
exchangers. The i.e.c. for Na* and other metal ions were 
determined by the column process as described earlier 
[7] for both PyZrP and PySnP. The results are summa-
rized in Table 3. The i.e.c. of alkali metals and alkaline 
earths (Table 3) on PyZrP and PySnP shows the follow-
ing trends: Li*<Na^<K^ and Mg^*<Ca^^<Sr^VBa^^ It is 
in accordance to the decreasing trend in hydrated ionic 
radii of these metal ions in the same order. 
The elution and concentration behaviour were also 
studied on these materials by a similar method described 
earlier [7]. Figures 1 and 2 show the elution behaviour 
of PyZrP and PySnP, respectively. Table 4 summarizes 
the result of concentration behaviour on both materials. 
Elution behaviour (Figs 1 and 2) reveals that the ex-
change is quite fast and almost all the it ions are eluted 
out in the first 120 mL (in PyZrP) and 130 mL (in 
PySnP) of the effluent fi-om a column of 1.0 g 
exchanger. The optimum concentration of the eluant 
was found to be 1 M (Table 4) for a complete removal of 
H* ions from the PyZrP and PySnP coluinns as usual. 
pH titrations 
pFI titrations were performed by the Topp and Pep-
per's method [49] on both PyZrP and PySnP. Fig-
ures 3 and 4 show the results of this study on PyZrP 
and PySnP, respectively. The pH titration curves of 
• 3 11.'.'' -, 
•i 0.25 J 
0 . 1 5 -
a 0.05 • 
20 41) (>() Sll 
NaNO, inL 
T] 
IIKI 1:0 
Fig. I Histograms showing the elution behaviour of pyridine 
based 2irconium(IV) phosphate 
0 1 5 
p l).()5 
zt 
0 2\) M W) M) l(K) i : i ) 
NaNO,.'nil. 
Fig. 2 Histograms showing the elution behaviour of pyridine 
based tin(IV'> phosphave 
Table 4 Concentration behaviour of pyridine based zirco-
nium(IV) and tin(IV) phosphates 
Ion-exchange capacity/meq(dry g') 
NaNOj/M PyZrP PySnP 
0.2 1.20 1.25 
0.4 1.42 1.50 
0.6 1.63 1.73 
0.8 1.85 1.94 
1.0 2.0 2.10 
L2 2.0 2.10 
PyZrP (Fig. 3) and PySnP (Fig. 4) were obtained un-
der equilibrium a condition for LiOH/LiCl, 
NaOH/NaCl and KOH/KCl systems. Both the materi-
als (PyZrP and PySnP) behave as bifunctional acids 
for Na* ions showing its theoretical i.e.c. at equilib-
rium ~3.5 and 3.0 nieq g ' for PyZrP and PySnP, re-
spectively. The bifunctional behaviour becomes less 
prominent in case of H'^ -K^ exchange. The i.e.c. for 
this ion is found to be -3.5 meq g ' in both materials. 
However, in case of the Li^ both the exchangers ap-
pear to be monoflinctional acids i.e. the exchange pro-
_ 4 -
y. 
0.5 
0 N.i()ll \,,C 1 
& KOll tCCI 
• l.iOll LiCI 
1.5 
1 
2..*i 
• 1 r -
.''..•> 4,5 
Oil ions added inMol 
Fig. .3 Equilibrium pH titration curves of pyridine based zirco-
nium(IV) phosphate 
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Fig. 4 Equilibrium pH titration curves of pyridine based 
lin( IV) phosphate 
cess is completed in single step. The value of the i.e.c. 
further decreases in this case (-2.5 meq g"' in both 
materials). The system contains ionogenic group, the 
corresponding acid of which i.e. phosphoric acid has 
three pKa values (pKai, pKa: and pKas) are 2.12,7.21 
and 12.30, respectively. Thus it is evident that the 
first ionization of this acid is very much faster com-
pared to the other two. Both the materials appear to be 
strong cation exchangers as indicated by low pH 
(~2-2.2) of the solutions when no OH" ions were 
added to the system. 
Distribution studies 
200 mg of the exchanger in H*^  fonn were kept in 
20 mL of the solvent (doubly distilled water) for 24 h, 
with intermittent shaking to attain equilibrium. The 
initial metal ion concentration was so adjusted that it 
did not exceed 3% of total i.e.c. of the materials. The 
metal ions in the solutions before and after equilib-
rium were determined by EDTA titration [50] and the 
distribution coefficients, Ka, were calculated by the 
formula: 
F M 
where / and F are the initial and final amounts of 
metal ion in the solution phase, Kis the volume of the 
solution, and is M the amount (g) of the exchanger. 
Tables 5 and 6 summarize the result of this study on 
PyZrP and PySnP, respectively. The distribution stud-
ies (Tables 5 and 6) show high selectivity of the mate-
rials PyZrP and PySnP for Hg(II) and Pb(ir) ions, re-
spectively indicating their importance in environ-
mental studies. It was demonstrated by practically 
achieving some binary separations involving Hg(ll) 
in case of PyZrP for example: Hg(Il)-Mg(n), 
Hg(II)-Cd(ll) and Hg(II)-Ni(II) as summarized in 
Table 7 and Pb(II) in case of PySnP for example: 
Pb(II)-Mg(II), Pb(II>-Cd(lI) and Pb(ll>-Cu(n) as 
summarized in Table 8. A binary separation of Pb(ll) 
from Mg(II) in case of PyZrP and Cd(II) from Cu(II) 
in case of PySnP were also achieved emphasizing the 
above facts. The results were found to be quite precise 
and reproducible. Figures 5 and 6 show the separation 
profiles of PyZrP and PySnP, respectively. 
Separations achieved 
Several binary separations were tried using column of 
i.d. -0.6 cm containing 2 g of the material. The col-
uiTin was washed thoroughly with demineralized wa-
ter (DMW) and the mixture to be separated was 
loaded on it, maintaining a flow rate of -2-3 
drops min"' (0.15 mL min"'). The separation was 
achieved by passing a suitable solvent through the 
coluinn as eluant and the metal ions in the effluent 
were determined quantitatively by EDTA titrations. 
Table 7, Fig. 5 (in case of PyZrP) and Table 8, Fig. 6 
(in case of PySnP) give the salient features of the sep-
aration. 
Thermal stability 
I g samples of the material were heated at various 
temperatures for 1 h each in a muffle furnace and their 
i.e.c. was determined by the column process [7] after 
cooling to room temperature. Table 9 summarizes the 
result of this study on both materials PyZrP and 
PySnP. The thermal stability (Table 9) of both materi-
als appears to be less than the non-hybrid materials, 
due to the organic component present in the system, 
PySnP appears to be thermally more stable as com-
pared to PyZrP. On heating up to 100°C PySnP and 
PyZrP show the retention of 82 and 70%, respec-
tively. PySnP and PyZrP show the retention of i.e.c. 
as 66 and 43%, respectively on heating up to 200°C. 
Even heating up to 400°C, these materials show an 
appreciable i.e.c, PySnP retaining about 38% and 
PyZrP about 23% of the i.e.c. at room temperature. 
However, on heating up to 600°C both the materials 
show the sharp decrease in their i.e.c, retaining only 
the 5% ofthe total i.e.c 
TG-DTG-DTA studies 
TG-DTG-DTA studies were carried out using a 
PerkinElmer instrument, Pyric Diamond model. 
Figures 7 and 8 show the TG-DTG-DTA curves of 
PyZrP and PySnP, respectively. 
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Fi|>. 5 Separation of Mg(n) from Hg(II); Cd(II) from Hg(n); Ni( l l ) from Hg(ll) and Pb(ll) from Mg(II) on pyridine based zirco-
nium(IV) phosphate columns: a, e, h - 0.1 M HCl; b, d, f - 1 M HCI+I M NH4CI; g - 1 M HCl; c I M H N O , 
liluciii ml. 
l:liiciil ml. 
40 Hi) 
ICIiwnl ml. 
Fig. 6 Separation of Mg(II) from Pb(II); Cd( in from Pb(II); Cu(II) from Pb(n) and Cd(II) from Cu(II) 
u» 
phosphate columns: a, e, h - 0.1 M HCIO4; b. d. f - 1 M HNO3; c. g - 0.1 M HCl on pyridine based tin(IV) 
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Fig. 7 TG-DTG-DTA curves of pyridine based zirconium(rV) 
phosphate 
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Fig. 8 TG-DTG-DTA curves of pyridine based tin(IV) 
phosphate 
The thermal curves (Figs 7 and 8) show the mass 
loss of 12.2 and 11.7% on heating up to 100°C for 
PyZrP and PySnP, respectively, which is due to the 
removal of the external water molecules '« ' from the 
materials. The value o f ' « ' was found to be 5.0 and 
6.6 for PyZrP and PySnP, respectively using Alberti's 
equation [52J. The slow mass loss between 100 and 
200°C in case of PyZrP and PySnP, respectively is 
due to the decomposition of the organic part of the 
material. At 200°C onwards the smooth horizontal 
curves indicate the formation of pyrophosphate phase 
in both materials [53]. 
IR spectral studies 
IR spectral studies were carried out by KBr disc 
method. Figures 9 and 10 show the IR spectra of 
PyZrP and PySnP, respectively. The IR spectra of 
PyZrP (Fig. 9) and PySnP (Fig. 10) confirm the pres-
ence of the external water molecules in addition to the 
OH groups and the metal oxides and metal hydroxides 
(at the PO4" sites) present internally in the materials. 
The metal oxide and metal hydroxide bands are ob-
served at 728.25 c m ' in PyZrP and at 721.96 cm ' in 
PySnP. The bands at 515.54 and 1031.36 c m ' in 
J. Tlierm. Anal. Cat.. 86. 2006 
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Fig. 9 Infrared spectrum of pyridine based zirconium(IV) 
phosphate 
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Fig. 10 Infrared spectrum of pyridine based tin (IV) phosphate 
PyZrP and 518.69 and 1025.79 cm"' in PySnP indi-
cate the presence of phosphate groups. The absorp-
tion bands at 1629.46 and 3190.0 cm"' in PyZrP and 
1632.39 and 3200.0 cm"' in PySnP, correspond to the 
water of crystallization. The bands at 1368.90 cm"' in 
PyZrP and at 1377.27 c m ' in PySnP are due to the 
C-N stretching. Absorption bands at 1454.63 c m ' in 
PyZrP and 1463.24 cm"' in PySnP indicate the pres-
ence of C=N stretching [54, 55]. 
X-ray studies 
Figures 11 and 12 show the X-ray diffraction patterns 
of PyZrP and PySnP, respectively. The X-ray 
diffractograms (Figs 11 and 12) of the materials ex-
Fig. 
20dcgrcc 
I X-ray diffraction pattern of pyridine based zirco-
nium(IV) phosphate 
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Fig. 12 X-ray diffraction pattern of pyridine based tin(IV) 
phosphate 
hibit some weak peaks, showing their poorly crystal-
line character, which makes it difficult to evaluate 
their structures. Due to the lack of infonnation, a de-
tailed mechanism of the ion exchange behaviour can-
not be given at this stage correlating the metal ion di-
ameter with cavity sizes of the materials. 
Conclusions 
Pyridine supported zirconiiun(IV) phosphate and 
tin(IV) phosphate are useful ion exchangers with 
promising ion exchange behaviour, supported by 
some important separations achieved practically. 
These two materials may find use in environmental 
studies because of their selectivity for heavy metal 
ions. Such explorative studies are in progress in our 
laboratories. 
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Cellulose acetate based thorium(IV) phosphate (CAThP) has 
been synthesized as a new phase of hybrid fibrous cation ex-
changer by mixing thorium nitrate, phosphoric acid and cellulose 
acetate in different proportions to obtain a material of optimum 
ion exchange properties. It luis been cliaracieri/ed by using lU, 
TCiA, Xkl) and SliM studies in iiddilinn lo its ion exchange ca-
pacity, clulion, concentration and i>\l titration, lixlcnsivc thcrmo-
gravimetric studies have been performed to evaluate the behaviour 
of the material and its tentative structure. 
IPC Code: Int. CI." B01J39/00 
Fibrous inorganic ion exchangers are quite interesting 
from the practical point of view because of their po-
tential applications'. They can be used to prepare in-
organic ion exchange papers or thin layers suitable for 
chromatographic cation separations and as ion ex-
change membranes without a binder with good elec-
trochemical behaviour. Because of their high selec-
tivity and stability they can also be used as ion selec-
tive membranes. Alberti et el^ synthesized thorium 
phosphate as fibrous ion exchanger suitable for mak-
ing (support free) inorganic sheets. His main empha-
sis has been only on its chemical analysis, thermal 
stability and ion exchange properties with alkali metal 
ions without exploring its analytical potential. Our 
efforts have been to synthesize new fibrous hybrid 
materials and to explore their analytical applications 
with a view to use them in environmental studies. 
We have observed earlier that the introduction of 
polymeric species into inorganic fibrous material 
greatly enhances its mechanical strength, making it 
potentially more useful in industrial and environ-
mental applications^'l Acrylonitrile, acrylamide, 
polystyrene and pectin have been used in our laboia-
tories to prepare some hybrid fibrous materials in-
volving cerium(IV) and thorium(IV). They have 
shown good ion exchange behaviour, and chemical 
and mechanical stability along with selectivity for 
certain metal ions-useful for environmental pollution 
control. The present study is an extension of our ef-
forts to prepare new and novel ion exchange materials 
based on polymeric species. Synthesis, ion exchange 
characteristics and thermal behaviour of cellulose 
acetate based thorium(IV) phosphate (CAThP) are 
described here. 
Experimental 
A number of samples were prepared by adding one 
volume of 0.1 M Th(N03)4.5H20 solution in two vol-
umes of (1:1) mixture of 2 M H3PO4 and cellulose 
acetate (0-18%) dropwise with constant stirring using 
a magnclic slirrcr al a icmpL'ralinv of 9()±.S"('. Tlir 
resulting slurry was slirred for 4 h ;il this IcnipiTaliirc. 
filtered and washed with demineralizcd water (/;ll~6). 
On drying at room temperature, the precipitate re-
sulted into a sheet, which was crushed into small 
pieces and converted into the H'^ -form by treating 
with 1 M HNO3 for 24 h with occasional shaking and 
intermittently replacing the supernatant liquid with 
fresh acid. The material obtained was then washed 
with demineralized water to remove the excess acid 
before drying finally at 45°C and sieved to obtain 
particles of 50-70 me.sh size. Various samples were 
prepared by this method varying the amount of cellu-
lose acetate. The sample obtained with a 5% cellulose 
acetate was found to have a maximum Na* ion ex-
change capacity (i.e.c). The sample (1.70 meq/dry g) 
was selected for all subsequent studies. 
The i.e.c. of the sample was determined by the col-
umn process taking 1 g of the material (H* form) in a 
glass tube of internal diameter ~1 cm, fitted with glass 
wool at its bottom. A 250 mL portion of 1 M NaNOj 
solution was used as eluant maintaining slow flow 
rate (-0.5 mL min"'). The effluent was titrated against 
a standard alkali solution to determine the total 
H'^-ions released. The i.e.c. in meq/dry g for Li'' , 
Na* , K^ , Mg^^ , Ca^ ^ , Sr^ ^ and Ba^ ^ were found 
to be 1.53, 1.70, 1.93, 2.10, 2.74, 2.95 and 3.16, 
respectively. 
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Table 1—Concentration beha .•iour of cellulose acetate 
based thorium (IV) pluisphatc 
Concentration of Ion exchange capacity 
NaNOj (M) (meq/dry g) 
0.2 0.75 
0.4 1.03 
0.6 1.21 
0.8 1.25 
1.0 1.70 
1.2 1.70 
Fig. 1—Histogram showing the elution behaviour of cellulose acetate based thorium (IV) phosphate. 
brid material was observed by the SEM photograph 
taken at 2000x magnification. It was found to be 
similar to that of the inorganic parent material, tho-
rium phosphate, which is fibrous in nature. 
The elution behaviour reveals that the exchange is 
fast on CAThP. Almost all the H'^ -ions are eluted out 
in the first 110 mL of the effluent from a column of 
1.0 g m aterial. The optiinuin concentration for the 
eluant was found to be 1 M (Table 1) for a complete 
removal of H'^ -ions from a CAThP column. Moreo-
ver, the exchange takes place in one step as indicated 
by the pH titration curves obtained under equilibrium 
conditions for LiOH/LiCl, NaOH/NaCl and 
KOH/KCl exchanges, which may be due to the fact 
that the first ionization of phosphoric acid is much 
faster as compared to the other two (pKa values of 
H3PO4 being 2.12, 7.21 and 12.30). A fast release of 
H*-ions in aqueous media is also supported by the low 
pH (~2) of the salt solution with which the material is 
kept in contact for sometime. It shows strong cation 
exchange behaviour of the material. 
The thermal studies on CAThP indicate that the 
hybrid material is very stable retaining an ion ex-
change capacity of -93% on heating up to 100°C. 
Even on heating up to 400°C, about 44% of the i.e.c. 
is retained. However, when the material is heated up 
to 600°C, it shows a sharp decrease in its ion ex-
change capacity retaining only -13%. 
Assuming the basic structure of thorium piiosphalc 
as proposed by Alberti and applying the Alberli for-
mula for the evaluation of the external water mole-
cule in our material, a tentative formula can be sug-
gested as: 
The extent of elution was found to depend on the 
concentration of the eluant. Hence, a fixed volume 
(250 mL) of the NaNOj solution of varying concen-
trations (0.2-1.2 M) was passed through the column 
containing 1 g of the exchanger and the effluent was 
titrated against a standard alkali solution for the 
H*-ions eluted out. Table 1 shows concentration 
behaviour of CAThP. 
Optimum concentration of the eluant for a com-
plete elution of H*-ions in 250 mL of NaNOj solution 
was found to be I Af. A similar column containing 1 g 
of exchanger was then eluted with a NaNOs solution 
of 1 M concentration in different 10 mL fractions with 
a minimum flow rate as described above. Studies 
were made to find out the minimum volume necessary 
for a complete elution of H''-ions, which reflect effi-
ciency of the CAThP column. The results are shown 
in Fig. L 
Results and discussion 
CAThP is a new fibrous ion exchanger obtained in 
the form of sheet. The surface morphology of the hy-
NOTES 2047 
ThO2.P2O5.2H2O.0.5X 
where X stands for the cellulose acetate monomer 
unit. 
The evaluation of the cellulose acetate part in our 
material is based on the elemental analysis (carbon 
content 8.96%). The TGA data on the mass losses of 
the composites during heating were compared with 
one another and it is found that the ratio of phosphate 
to cellulose acetate is shifted towards much higher 
concentration of cellulose acetate in the composites 
(-20-40%) against the original mixing amount 
(3-8%). This discrepancy may be explained on the 
basis of the fact that a polymerization process has oc-
curred in the material. 
In the reaction mixture containing 1% cellulose 
acetate, the composition of the material was found to 
be close to the pure thorium phosphate. The X-ray 
diffraction pattern of CAThP indicates its semicrys-
talline nature as it exhibits some weak peaks. The IR 
spectrum confirms the presence of metal oxide and 
metal hydroxide bands in the material. The metal 
oxygen and metal hydroxide bands are observed at 
622.2 and 669.4 cm"'. The bands at 1071.2 cm'' indi-
cate the presence of phosphate groups while the ab-
sorption bands at 1595.8, 1630.8, 3433.8, 3656.9, 
3694.7 and 3779.6 cm'' correspond to the water of 
crystallization. The band at 2364.2 cm"' indicates the 
C-H stretching of carbon. The C=0 stretching of ester 
was observed at 1722.6, 1758.2, 1812.4 and 1854.1 
cm"'. The absorption band at 1353.2 cm'' indicate 
C-0 stretching of alcohol. 
The cellulose acetate based thorium (IV) phosphate 
is a hybrid fibrous material possessing an improved 
ion exchange capacity as compared to the parent tho-
rium phosphate prepared under similar conditions. It 
appears to be a promising ion exchanger having good 
thermal stability possibly due to a mutual interaction 
of thorium phosphate and cellulose acetate, resulting 
into the chemical bonds formation between the atoms 
originated from both phases. 
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